LOAN  DOCUMENT 


a  i  ii 

BY 

DISTRIBUTION/ 

AVAILABILITY  CODE! 

DISTRIBUTION  I  AVAILABILITY  AND/OR  SPECIAL 


DATE  RECEIVED  IN  DTIC  REGISTERED  OR  CERTIFIED  NUMBER 


PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-FDAC 

DTIC  70A  DOCUMENT  PROCESSING  SHEET 

LOAN  DOCUMENT 


H  H  U  *6  &  H 


DRAFT 

Bioventing  Pilot  Test 
Final  Report 

Site  ST14,  Fuel  Loading  Area 
Carswell  AFB,  Texas 


August  1993 


AU380 


11/15/00  09:26  FAX 

nuv-j.<4-c34fc2t3  1.3:k3b 


D  l  IC— DC 


AFCEE 


@003 

703  767  9244  P.02/02 


DEFENSE  TECHNICAL  INFORMATION  CENTER 
REQUEST  FOR  SCIENTIFIC  AND  TECHNICAL  REPORTS 


g  //  ggr"/  da/ . . . . . . 


1 .  Report  Availability  (Please  check  one  box) 
pj  This  report  is  available.  Complete  sections  2a -2f. 
□  This  report  is  not  available.  Complete  section  3. 


2a,  Number  of 
Copies  Forwarded 


2c.  Distribution  Statement  (Please  check  ONE  box) 

DoD  Directive  5230.24 ,  "Distribution  Statements  on  Technical  Documents. m  18  Mar  87.  contains  seven  distribution  statements,  as 

described  briefly  below.  Technical  documents  MUST  be  assigned  a  distribution  statement. 

jX  DISTRIBUTION  STATEMENT  A:  Approved  for  public  release.  Distribution  is  unlimited. 

□  DISTRIBUTION  STATEMENT  B:  Distribution  authorized  to  U.S.  Government  Agencies  only. 

□  DISTRIBUTION  STATEMENT  C:  Distribution  authorized  to  U.3.  Government  Agencies  and  their 
contractors. 

D  DISTRIBUTION  STATEMENT  D:  Distribution  authorized  to  U.S,  Department  of  Defense  (DoD)  and  U.S 
DoD  contractors  only- 

ill  DISTRIBUTION  STATEMENT  E:  Distribution  authorized  to  U.S.  Department  of  Defense  (DoD) 
components  only. 

□  DISTRIBUTION  STATEMENT  F;  Further  dissemination  only  as  directed  by  the  controlling  Do D  office 
indicated  below  or  by  higher  authority. 

□  DISTRIBUTION  STATEMENT  X:  Distribution  authorized  to  U.S.  Government  agencies  and  private 
individuals  or  enterprises  eligible  to  obtain  export-controlled  technical  data  in  accordance  with  DoD 
Directive  5230.25,  Withholding  of  Unclassified  Technical  Data  from  Public  Disclosure,  6  Nov  84, 


2d.  Reason  For  the  Above  Distribution  Statement  (in  accordance  with  DoD  Directive  5230.24) 


2e,  Controlling  Office  2f .  Date  of  Distribution  Statement 

___  Determination 

_ _ f 5  /Yc  v  ,-x  c  qcj 

This  report  is  NOT  forwarded  for  the  following  reasons.  (Please  check  appropriate  box) 


□  It  was  previously  forwarded  to  OTIC  on  _ _ (date)  and  the  AD  number  is  . . 

□  It  will  be  published  at  a  later  date.  Enter  approximate  date  if  known. 

D  accordance  with  the  provisions  of  DoD  Directive  3200.12,  the  requested  document  is  not  supplied 
because. 


TOTAL  P.02 


ENGINEERING-SCIENCE,  INC. 


7800  SHOAL  CREEK  BLVD. 

SUITE  222  WEST 
AUSTIN,  TX  78757 

Tel:  (512)  467-6200  Fax:  (512)  467-7044 


August  11, 1993 


Chris  Hobbins 
Brooks  Air  Force  Base 
Bldg  624W,  AFCEE/ESRR 
San  Antonio,  Texas  78235 

Subject:  Bioventing  pilot  test  final  report  (draft) 

Site  STM 

Carswell  AFB,  Texas 
Dear  Chris: 

Enclosed  are  six  copies  of  the  subject  draft  report.  This  report  describes  the 
pilot  test  activities  and  presents  the  results  of  the  soils  investigation  and  as-built 
drawings  and  specifications  for  the  installed  pilot  unit.  Included  as  appendices  are 
the  work  plan,  the  pilot  test  interim  report,  and  the  laboratory  report.  Note  that  the 
laboratory  report  is  a  revision  of  the  report  previously  submitted  (table  1  was 
corrected).  Also  note  that  a  final  version  of  the  operations  and  maintenance 
manual  for  the  pilot  system  is  included  as  an  appendix  to  the  pilot  test  interim 
report.  Two  copies  of  this  operations  and  maintenance  (O&M)  manual  are 
included  in  this  submittal.  I  suggest  you  forward  one  copy  of  the  O&M  manual  to 
Carswell  to  replace  the  draft  we  left  with  them  upon  completion  of  field  activities. 

Please  call  if  you  have  any  questions  or  comments. 


xc:  Doug  Downey,  ES-Denver 


A  PARSONS  COMPANY 


320SA\AU380\TRAN6LTR 


DRAFT 

Bioventing  Pilot  Test 
Laboratory  Results 
Site  ST14,  Fuel  Loading  Area 
Carswell  AFB,  Texas 

Contract  F41624-92-D-8036 


Prepared  for 
Air  Force  Center  for 
Environmental  Excellence 
Brooks  AFB,  Texas 


Prepared  by 

Engineering-Science,  Inc. 
Austin,  Texas 


August  1993 


CONTENTS 


Page 

Section  1:  Introduction . 1 

Section  2:  Investigation  Activities . 2 

Pilot  Test  Activities . 2 

Site  Layout . 2 

Air  Injection  Vent  Well . 2 

Monitoring  Points . 5 

In  Situ  Respiration  Test . 5 

Air  Permeability  Test . 5 

Oxygen  Influence  Testing . 7 

Soil  and  Soil  Gas  Sampling . 7 

Installation  of  1-Year  Pilot  Test  Bioventing  System . 8 

Soils  Investigation  Activities . 8 

Preliminaries . 8 

Decontamination . 9 

Drilling . 9 

Sample  Collection . bi¬ 
section  3:  Investigation  Results  and  Conclusions . 12 

Pilot  Test  Results . 12 

Soil  and  Soil  Gas  Sampling  Results . 12 

Initial  Soil  Gas  Chemistry . 14 

In  Situ  Respiration  Testing  Results . 14 

Air  Permeability  Test  Results . 17 

Oxygen  Influence  Results . 17 

Soil  Sampling  Results . 21 

Contamination  Characterization  and  Delineation . 21 

Soil  Venting  Characteristics . 25 

Section  4:  Pilot  System  Design . 27 

Introduction . 27 

ii  DRAFT 

320SR\AU3*001\PILOT  AUgUSt  11,  1993 


Contents,  continued  Page 

Basis  of  Design . 27 

Design  Drawings  and  Specifications . 27 

Recommendations  for  Design  of  Full  Scale  System . 27 

Appendix  A:  Work  Plan 

Appendix  B:  Interim  Pilot  Test  Report 

Appendix  C:  Laboratory  Results 

Appendix  D:  Lithologic  Logs 

Appendix  E:  As-Built  Drawings  and  Specifications 


320SR\AU38001\PILOT 


in 


DRAFT 
August  11, 1993 


Contents,  continued 


Page 


FIGURES 

1.  Site  ST14  Layout  Pilot  Test  System . 3 

2.  As-Built  Locations  of  Pilot  Test . 4 

3.  As-Built  Moniotimg  Point  Construction  Detail  Pilot  Test 

Sytems . 6 

4.  Approximate  Borehole  Locations  and  Type  of  Completion . 10 

5.  Radius  of  Influence  Pressure  vs.  Distance . 19 

6.  Total  Petroleum  Hydrocarbon  Levels  in  Soils . 24 

7.  System  Layout . 29 


TABLES 

1.  Site  ST14  Soil  and  Gas  Analytical  Results . 13 

2.  Site  ST14  Initial  Soil  Gas  Chemistry . 15 

3.  Site  ST14  Factors  and  Calculated  Values  for  Important 

Parameters  in  Biodegradation  Calculations . 16 

4.  Site  STM  Pressure  Response  During  the  Air 

Permeability  Test . 18 

5.  Site  STM  Influence  of  Air  Injection  at  Vent  Well 

on  Monitoring  Point  Oxygen  Levels . 20 

6.  Analytical  Results:  Site  STM . 22 

7.  Recommended  Bioventing  System  Layout . 26 


iv  DRAFT 

320SR\AU3*001\PILOT  AUgUSt  11,  1993 


SECTION  1 


INTRODUCTION 


This  report  summarizes  the  results  of  an  in  situ  bioventing  pilot  test  for 
treatment  of  fuel-contaminated  soils  and  a  subsurface  soils  investigation  at  the 
petroleum,  oil,  and  lubricant  (POL)  tank  farm  (site  ST14)  at  Carswell  Air  Force 
Base  (AFB),  Texas.  It  also  describes  the  remedial  design  of  the  long-term  pilot 
system  for  the  site. 

This  report  is  divided  into  four  sections  including  this  introduction.  Section  2 
describes  the  activities  performed  at  the  site  to  obtain  data  for  designing  the  pilot 
system  and  characterizing  the  existing  contamination.  Results  and  conclusions  of 
this  site  contamination  investigation  and  characterizations  are  described  in 
section  3.  Section  4  summarizes  the  data  necessary  for  designing  the  pilot  system 
and  presents  the  as-built  design  and  specifications  of  the  system.  Appendix  A 
contains  the  AFCEE  approved  work  plan;  appendix  B  is  the  report  on  interim  pilot 
test  results;  appendix  C  is  the  report  on  laboratory  results;  appendix  D  contains  the 
lithologic  logs  and  vent  well  construction  details;  and  the  as-built  drawings  and 
specifications  for  the  pilot  test  system  are  in  appendix  E. 
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SECTION  2 


INVESTIGATION  ACTIVITIES 


PILOT  TEST  ACTIVITIES 

The  purpose  of  this  section  is  to  summarize  the  work  that  was  performed  by 
Engineering-Science  (ES)  at  site  ST14  during  the  bioventing  pilot  test  The  results 
of  the  preliminary  testing  and  pilot  system  construction  are  more  fully  discussed  in 
the  pilot  test  report  in  appendix  B.  The  primary  activities  performed  during  the 
bioventing  pilot  test  were  siting  and  construction  of  a  central  air  injection  vent  well 
(VW)  and  four  vapor  monitoring  points  (MPs),  an  in  situ  respiration  test,  an  air 
permeability  test,  a  soil  respiration  test,  and  installation  of  a  long-term  bioventing 
pilot  system. 

Site  Layout 

Siting  of  the  central  VW  and  vapor  MPs  was  based  on  historical  soil  gas  and 
groundwater  data  which  indicated  potentially  heavy  hydrocarbon  contamination  in 
the  vicinity  of  monitoring  well  ST14-17M.  Soils  in  this  area  were  expected  to  be 
oxygen  depleted  (<2  percent)  by  the  probable  high  levels  of  fuel  hydrocarbons.  The 
three  vapor  MPs  were  planned  to  be  located  within  a  40-foot  radial  distance  of  the 
central  VW  based  on  the  relatively  shallow  depth  of  contamination  and  the 
anticipated  soil  types.  A  fourth  MP  was  planned  for  construction  approximately 
300  feet  north  of  the  central  VW  to  measure  background  levels  of  oxygen  and 
carbon  dioxide.  The  soils  in  the  planned  background  location  were  found  to  contain 
high  levels  of  hydrocarbons,  so  a  new  background  MP  (MPBG2)  was  constructed  in 
clean  soils  approximately  500  feet  north-northeast  of  the  central  VW.  The  locations 
of  the  central  VW  and  the  MPs  were  changed  from  those  sited  in  the  work  plan 
because  of  potential  hazards  from  nearby  underground  utilities.  Figure  1  shows  the 
site  layout  for  the  bioventing  pilot  test.  The  spacing  of  the  MPs  was  also  changed 
because  the  driller  was  concerned  about  underground  utilities.  The  maximum 
radial  distance  for  the  MPs  (excluding  background)  was  extended  to  45  feet  from 
the  central  VW.  Figure  2  shows  the  as-built  locations  of  the  pilot  test  system. 

Air  Injection  Vent  Well 

Details  of  the  air  injection  vent  well  construction  are  presented  in  section  4  of 
this  report.  The  VW  was  installed  in  predominantly  clayey  soils,  where  hydrocarbon 
contamination  was  indicated  at  all  sampling  depths.  These  soils  had  some  gravel, 
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increasing  in  sand  content  as  depth  in  the  borehole  increased.  Saturated  sand,  with 
trace  clay  and  gravel,  was  found  at  11  feet  below  ground  level  (bgl).  The  static 
water  level  rose  to  8.5  feet  bgl  during  VW  completion. 

Monitoring  Points 

The  three  vapor  MPs  (MPA,  MPB,  and  MPC),  and  the  background  MP 
(MPBG2)  were  constructed  as  shown  in  Figure  3.  The  MP  screens  were  installed  at 
4.0-,  7.0-,  and  10.0-foot  depths.  The  construction  details  are  discussed  in  appendix  B 
and  section  4  of  this  report.  The  10.0-foot  interval  was  saturated  in  each  MP;  and  in 
MPB  the  7-foot  interval  was  also  saturated.  It  was  not  possible  to  collect  any  data 
from  these  flooded  screened  intervals  during  air  testing  of  the  pilot  system.  These 
MPs  were  constructed  at  10-foot  depths  so  future  measurements  can  be  made  if  the 
static  water  level  drops  during  seasonal  fluctuations. 

In  Situ  Respiration  Test 

During  the  pilot  test,  several  different  types  of  blowers  or  pumps  were 
employed  for  the  respiration  testing  and  the  air  permeability  testing.  Initial  soil  gas 
measurements  were  made  before  performing  any  other  tests  on  the  MPs  using  a 
1-cubic  feet  per  minute  (cfm)  vacuum  pump  (Gast™  0211-1103A-G8CX)  to  purge 
several  casing  volumes  from  the  monitoring  points.  A  12-minute  purge  was  used  for 
the  vent  well,  and  a  minimum  purge  time  of  2  minutes  was  used  for  the  vapor  MPs. 
Air  samples  were  collected  after  purging  in  accordance  with  the  protocol  document 
(Hinchee  et  al.,  1992).  The  results  are  discussed  more  fully  in  appendix  B  and 
section  3. 

Based  on  oxygen,  carbon  dioxide,  and  field  volatile  hydrocarbon  measurements, 
respiration  tests  were  set  up  on  the  vent  well  and  four  MP  depth  intervals  (MPA-4, 
MPA-7,  MPB-4,  and  MPC-7).  The  MP  depth  intervals  were  chosen  for  respiration 
tests  so  at  least  two  oxygen- deficient  points  were  tested  and  to  ensure  a 
representative  areal  distribution. 

A  1-cfin  vacuum  pump  was  used  to  inject  air  into  the  selected  MP  depth 
intervals  for  16  hours.  At  the  end  of  the  16-hour  injection  period,  the  air  supply  was 
cut  off,  and  oxygen,  carbon  dioxide,  and  hydrocarbon  levels  were  monitored  for  the 
following  24  hours.  The  decline  in  oxygen  over  time  was  used  to  estimate  rates  of 
bacterial  degradation  of  fuel  residuals.  These  results  are  summarized  in  section  3. 
Helium  was  also  injected  at  each  MP  (at  approximately  3  percent  mixture  with  air) 
to  account  for  oxygen  loss  by  diffusion  or  leakage.  Helium  results  are  summarized 
in  section  3  and  described  more  fully  in  appendix  B. 

Air  Permeability  Test 

An  air  permeability  test  was  conducted  using  a  portable  3  horsepower  Roots™ 
22U-RAI  positive  displacement  blower  unit  at  site  ST14  according  to  protocol 
document  procedures.  Air  was  injected  into  the  VW  for  approximately  3.5  hours  at 
a  rate  of  approximately  28  actual  cubic  feet  per  minute  (acfm)  and  an  average 
pressure  of  approximately  7  pounds  per  square  inch  (psi).  Tlie  pressure  response  at 
each  MP  is  summarized  in  section  3.  The  pressure  measured  at  all  MPs  achieved 
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steady-state  conditions  within  45  minutes.  As  discussed  in  the  technical  protocol 
document  (Hinchee  et  al.,  1992),  two  depths  from  both  MPA  (10  feet  from  injection 
point,  VW1)  and  MPC  (45  feet  from  injection  point,  VW1)  were  used  to  calculate 
relative  air  permeability  of  the  soils.  No  response  was  observed  in  the  4-foot 
interval  of  MPB  (20  feet  from  injection  point,  VW1).  This  may  be  due  to  the  moist, 
highly  plastic,  and  tightly  consolidated  clayey  soils  in  which  the  monitoring  point  was 
constructed. 

Oxygen  Influence  Testing 

The  depth  and  radius  of  oxygen  influence  in  the  subsurface  soils  resulting  from 
air  injection  into  the  central  VW  during  pilot  testing  constitute  the  primary  design 
parameter  for  full-scale  bioventing  systems.  Several  soil  gas  measurements  were 
made  following  different  air  injection  periods  and  flow  rate  intensities  to  assess  the 
radius  of  soil  which  can  be  oxygenated  by  the  pilot  system.  Soil  gas  oxygen  levels 
were  measured  after  the  3.5 -hour  air  injection  test  (28  acfm),  and  after  the  lower 
flow  rate  (24  acfm)  air  injection  period,  which  extended  for  an  additional  17  hours. 
Soil  gas  measurements  were  also  taken  after  running  the  long-term  pilot  test  blower 
for  15  hours.  The  air  injection  flow  rate  for  this  blower  is  approximately  15  acfm. 
The  results  of  the  oxygen  influence  testing  are  discussed  in  section  3. 

Soil  and  Soil  Gas  Sampling 

Soil  samples  for  laboratory  analysis  were  collected  continuously  using  split- core 
barrel  samplers.  Soil  samples  were  screened  for  volatile  organic  compounds 
(VOCs)  using  a  total  hydrocarbons  analyzer  (Porta  FID  II  model  PFII/7788  from 
Heathtech)  to  determine  the  presence  of  contamination  and  to  select  soil  samples 
for  laboratory  analysis.  Soil  samples  for  laboratory  analysis  were  collected  from 
MPA  and  MPB  at  depths  of  9  to  10  feet  bgl,  from  the  VW  at  depths  of  5  to  6  feet, 
and  10  to  11  feet,  from  MPC  at  depths  of  6  to  7  feet,  and  from  background 
monitoring  point  (MPBG2)  at  10  to  10.5  feet. 

Soil  gas  samples  were  collected  after  initial  soil  gas  measurements  were  made 
from  the  completed  VW  and  at  4  feet  bgl  from  MPA,  and  at  7  feet  bgl  at  MPC.  Soil 
gas  samples  were  collected  using  3-liter  Tedlar™  bags  and  vacuum  chambers.  After 
the  samples  were  collected,  they  were  transferred  to  1-liter  SUMMA™  canisters. 

Soil  samples  were  picked  up  every  other  day  by  a  courier  representing  NDRC 
Laboratories.  NDRC  Laboratories  conducted  chemical  and  physical  analyses  on  the 
soil  samples.  One  soil  sample  from  each  boring  was  analyzed  for  total  recoverable 
petroleum  hydrocarbons  (TRPH);  benzene,  toluene,  ethyl  benzene  and  xylenes 
(BTEX);  alkalinity;  total  Kjeldahl  nitrogen  (TKN);  and  several  physical 
parameters.  In  boreholes  in  which  two  samples  were  collected  (MPC  and  VW1), 
the  sample  collected  nearest  the  surface  was  analyzed  only  for  TRPH  and  BTEX. 
Soil  gas  samples  were  shipped  via  Federal  Express  to  Air  Toxics  Ltd.  in  Rancho 
Cordova,  California,  for  total  volatile  hydrocarbon  (TVH)  and  BTEX  analysis.  The 
results  of  all  of  these  analyses  are  discussed  in  section  3  and  appendices  B  and  C  of 
this  report. 
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Installation  of  1-Year  Pilot  Test  Bioventing  System 

The  decision  to  proceed  with  bioventing  was  made  after  completion  of  the  soil 
gas  permeability  and  in  situ  respiration  tests.  Sufficient  evidence  exists  to  indicate 
that  the  addition  of  oxygen  will  enhance  biodegradation  in  the  contaminated  areas 
at  the  POL  tank  farm  area  (site  ST14).  The  pilot  blower  system  was  chosen  based 
on  the  results  of  the  initial  respiration  and  air  permeability  tests.  This  long-term 
blower  is  capable  of  injecting  air  at  2  psi  and  20  cfm,  operating  at  1.0  horsepower. 
The  blower  has  vacuum,  pressure,  and  temperature  gauges,  an  air  filter,  and 
pressure  relief  and  flow  control  valves.  The  as-built  design  is  presented  in  section  4. 
The  blower  is  housed  in  a  small,  prefabricated  shed  to  provide  protection  from  the 
weather.  A  licensed  electrician  subcontracted  to  ES  assisted  in  wiring  the  blowers 
to  line  power.  The  system  will  be  operated  for  up  to  1  year;  in  situ  respiration  tests 
after  6  months  and  at  the  conclusion  of  the  pilot  test  (1  year)  to  monitor  the  long¬ 
term  performance  of  this  bioventing  system  are  recommended.  Periodic  system 
checks  are  currently  being  performed  by  Carswell  AFB  personnel.  Detailed  blower 
system  information  and  a  maintenance  schedule  are  included  in  the  draft  operation 
and  maintenance  (O&M)  manual  provided  to  the  base  upon  completion  of  field 
activities.  More  detailed  information  regarding  the  long-term  pilot  test  procedures 
can  be  found  in  the  protocol  document. 

SOILS  INVESTIGATION  ACTIVITIES 

The  purpose  of  this  section  is  to  summarize  the  work  that  was  performed  by 
Engineering-Science  at  STM  following  the  bioventing  pilot  test  to  characterize  the 
contamination  in  the  fuel  loading  area  of  the  POL.  The  characterization  was 
completed  such  that  vent  wells  were  constructed  in  soil  borings  exhibiting  significant 
contamination  for  eventual  use  in  a  full-scale  bioventing  system  for  the  site.  The 
primary  activities  performed  during  the  site  characterization  were  obtaining  utility 
clearances  and  digging  permits,  decontamination  of  equipment,  drilling  with 
continuous  lithologic  sampling,  and  sample  collection  for  analytical  testing. 

Preliminaries 

Prior  to  any  drilling,  Engineering-Science  met  with  utility  representatives  at  the 
site  to  discuss  concerns  regarding  buried  utilities.  The  primary  utilities  in  the 
investigation  area  are  buried  fuel  lines  which  run  to  the  west  of  the  proposed  pilot 
system,  and  buried  electrical  lines  which  run  between  line  poles  along  the  fence  east 
of  the  pilot  system.  As  a  result  of  these  discussions,  the  central  VW  and  MP 
locations  were  moved  to  the  east  a  few  feet  from  the  proposed  location  as  a 
precautionary  measure. 

Once  the  pilot  testing  was  completed,  a  radius  of  influence  (ROI)  for  the 
additional  vent  wells  and  soil  borings  was  determined  to  be  approximately  60  feet. 
This  ROI  is  based  on  the  linear  pressure  curve  between  steady-state  pressure 
readings  achieved  during  the  air  permeability  test  in  MPA  at  10  feet  from  the  vent 
well  and  MPC  at  45  feet  from  the  VW.  The  plotted  pressure  curves  are  discussed  in 
section  3.  The  ROI  was  established  during  the  test  as  the  distance  that  receives 
pressure  of  at  least  Vz  inch  of  water.  Based  on  the  ROI  determination,  adequate 
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VW  borehole  spacing  of  90  to  100  feet  should  be  sufficient  to  achieve  coverage  of 
the  entire  fuel  loading  area.  A  distance  of  75  to  80  feet  between  boreholes  was 
selected  to  provide  conservative  overlap  for  the  full-scale  system.  Thirty-two  stakes 
were  placed  in  a  grid  pattern  for  maximum  efficiency  in  the  site  characterization  and 
full-scale  bioventing  system.  A  second  digging  permit  and  utility  clearances  were 
obtained  for  these  boreholes  before  any  drilling  was  initiated  outside  of  the  area 
already  approved.  Including  the  central  VW,  a  total  of  sixteen  VWs,  four  MPs,  and 
seven  soil  borings  were  completed  at  the  site.  The  approximate  locations  and  type 
of  completion  at  each  borehole  are  shown  in  Figure  4.  No  borehole  was  drilled  in 
the  area  between  VW14  and  VW15  because  of  a  rather  large  network  of  buried  fuel 
lines  crisscrossing  the  site  near  the  staked  location. 

Decontamination 

To  ensure  that  no  contamination  was  inadvertently  introduced  into  a  boring  or 
vent  well,  all  drilling,  downhole,  and  sampling  equipment  was  decontaminated 
between  boreholes.  Decontamination  procedures  consisted  of  a  high-pressure 
steam  cleaning  in  the  decontamination  pad  area  established  south  of  the  site.  All 
sampling  tools  (i.e.  split  spoons  and  split-core  barrels)  were  washed  with  soap  and  a 
brush  and  rinsed  with  distilled  water  before  being  placed  into  a  borehole. 
Decontamination  fluids  were  collected  in  the  decontamination  pad  and  transferred 
into  55-gallon  drums  for  temporary  disposal.  Final  disposition  will  occur  after  the 
fluids  have  been  characterized  for  disposal. 

Drilling 

Soil  borings  were  drilled  at  twenty-seven  locations  at  the  site.  These  borings 
were  drilled  for  characterization  sampling,  vent  well  construction,  and  monitoring 
point  construction. 

Different  borehole  depths  were  required  for  each  type  of  completion.  The 
borings  for  characterization  sampling  (SB1  through  SB7)  were  drilled  to  13.5  feet 
bgl;  the  borings  for  VW  construction  were  drilled  from  16.5  to  18  feet  bgl;  and  the 
depths  of  borings  for  MP  construction  ranged  from  11  to  12  feet  bgl.  The  boreholes 
were  drilled  using  8-inch-outer-diameter  (OD),  continuous-flight,  hollow- stem 
augers.  Soil  samples  were  collected  continuously  using  a  split  spoon  or  core  barrel. 
The  lithology  of  each  sample  was  described  in  the  field  logbook.  Lithologic  logs  of 
soil  borings  are  in  appendix  D.  Lithologic  logs  with  well  completion  data  for  the 
sixteen  VWs  is  also  in  appendix  D. 

The  core  samples  were  screened  with  an  flame  ionization  detector  (FID),  and  at 
least  one  sample  per  boring  was  placed  into  a  jar  for  headspace  analysis.  If 
significant  contamination  was  detected  based  on  headspace  readings  or  saturated 
visual  characteristics,  then  a  vent  well  was  completed  in  the  borehole  for  use  in  the 
full-scale  bioventing  system.  Vent  wells  were  constructed  in  each  of  the  borings 
which  exhibited  characteristics  of  significant  contamination  (i.e.,  high  headspace 
readings,  oily  saturated  soil,  heavy  odors)  except  for  SB1,  SB2,  and  SB3.  SB1  was 
originally  intended  to  be  the  background  MP  (MPBG1),  but  when  significant 
contamination  was  encountered,  the  background  MP  had  to  be  moved  and  SB1  was 
properly  abandoned.  VW7  was  constructed  adjacent  to  SB1.  SB2  was  not  originally 
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completed  as  a  VW  because  VW  materials  were  not  available  at  the  time  of  drilling. 
After  receipt  of  VW  construction  materials,  a  new  borehole  was  drilled  5  feet  from 
SB2,  and  VW11  was  constructed.  No  VW  was  constructed  in  SB3  because  all  VW 
construction  materials  were  exhausted. 

Sample  Collection 

Soil  samples  were  collected  continuously  using  split  core  barrel  samplers.  Once 
the  samples  were  retrieved  from  the  augers,  the  soils  were  screened  for  VOCs  using 
the  flame  ionization  detector  to  determine  the  presence  of  contamination  and  to 
select  sampling  intervals  from  the  soil  cores.  The  samples  were  also  visually 
inspected,  and  odors  were  noted  on  the  boring  logs  to  assist  in  selection  of  the 
appropriate  sampling  depth.  A  portion  of  most  split- core  barrel  samples  was  placed 
in  a  Mason  jar  and  covered  with  foil  for  headspace  analysis. 

A  maximum  of  two  samples  were  collected  from  each  boring.  One  sample  was 
collected  from  each  boring  at  just  above  water  (about  10  to  11  feet  below  ground 
level)  where  the  apparent  highest  levels  of  contamination  were  observed.  A  second 
sample  was  collected  from  six  borings  (MPC,  VW1,  VS3,  VW5,  SB2,  and  SB4)  at 
other  zones  which  exhibited  signs  of  contamination  based  on  the  screening  results, 
but  from  shallower  portions  of  the  screened  interval  of  vent  wells  (5  to  8  feet  bgl). 
A  total  of  thirty-four  samples  were  collected,  including  two  duplicate  samples  for 
quality  control. 

The  samples  were  placed  into  8-ounce  glass  jars  with  Teflon-lined  lids 
immediately  after  screening  the  soil  core.  The  sample  bottles  were  labeled  and 
packed  into  an  ice-cooled  cooler  before  performing  additional  screening  of  the  core 
or  collecting  additional  samples.  The  sample  identification  references  the  borehole 
identifier  (from  Figure  4)  and  the  interval  which  the  sample  was  collected.  For 
example,  sample  MPA:9-10  indicates  a  sample  collected  at  9  to  10  feet  bgl  from  the 
borehole  drilled  for  MPA  completion. 

Soil  samples  were  picked  up  every  other  day  by  a  courier  representing  NDRC 
Laboratories.  NDRC  Laboratories  conducted  chemical  and  physical  analyses  on  the 
soil  samples.  At  a  minimum,  each  sample  was  analyzed  for  total  recoverable 
petroleum  hydrocarbons,  benzene,  toluene,  ethyl  benzene,  and  total  xylenes. 
Analyses  that  are  important  in  determining  the  baseline  physical  and  nutrient 
characteristics  of  soils  associated  with  each  vent  well  were  performed  on  one  sample 
from  the  screened  interval  of  each  vent  well.  These  analyses  included  alkalinity, 
total  Kjeldahl  nitrogen,  phosphorus,  pH,  soil  moisture,  and  particle  size  analysis. 
One  sample  from  each  MP  was  also  analyzed  for  these  parameters.  None  of  the 
samples  collected  from  soil  borings  were  analyzed  for  these  parameters  since  their 
function  was  primarily  to  characterize  contamination  at  the  site.  The  results  of 
these  analyses  are  discussed  in  section  3.  The  data  sheets  are  in  appendix  C. 
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SECTION  3 

INVESTIGATION  RESULTS  AND  CONCLUSIONS 


PILOT  TEST  RESULTS 

The  purpose  of  this  section  is  to  summarize  the  results  of  the  pilot  testing 
performed  at  site  ST14.  These  results  are  more  completely  described  in  the  results 
section  of  appendix  B.  The  results  of  soil  and  gas  sampling  performed  to  support 
the  pilot  test,  initial  soil  gas  chemistry,  in  situ  respiration  testing,  air  permeability, 
and  oxygen  influence  testing  are  discussed  below. 

Soil  and  Soil  Gas  Sampling  Results 

Soils  at  this  site  consist  primarily  of  highly  plastic  clays  with  some  interbedded 
gravel  and  silt  near  the  surface.  Sand  content  in  soils  generally  increases  with  depth 
at  the  site,  and  soils  are  predominantly  sands  and  gravels  at  approximately  11.5  to 
12  feet  and  below.  Groundwater  was  encountered  at  a  depth  of  approximately 
11.5  feet  bgl  in  the  VW,  but  the  static  water  level  rose  to  approximately  8.5  feet  bgl 
in  the  open  borehole.  A  thin  film  of  oily  product  was  observed  on  top  of  the  water 
table  in  all  the  boreholes  for  VW1,  MPA,  MPB,  and  MPC.  No  evidence  of 
contamination  was  observed  in  MPBG2,  which  was  constructed  as  a  background 
monitoring  point.  More  detailed  hydrogeologic  information  regarding  site  ST14  can 
be  found  in  appendices  B  and  D. 

Contaminated  soils  were  identified  based  on  visual  appearance,  odor,  and 
results  of  total  hydrocarbons  analyzer  (Porta  FID  n,  model  PFH/7788  from 
Heathtech)  field  screening  for  volatile  organic  compounds.  Heavily  contaminated 
soils  were  encountered  approximately  3  to  12  feet  bgl  in  the  VW  and  all  MP 
boreholes.  Contamination  concentrations  generally  increased  with  depth. 

Soil  samples  for  laboratory  analysis  were  collected  from  MPA  and  MPB  at 
depths  of  9  to  10  feet  bgl,  from  the  VW  at  depths  of  5  to  6  feet,  and  10  to  11  feet, 
from  MPC  at  depths  of  6  to  7  feet,  and  from  background  monitoring  point  MPBG2 
at  10  to  10.5  feet.  Soil  gas  samples  were  collected  from  the  completed  VW  and  at  4 
feet  bgl  from  MPA,  and  at  7  feet  bgl  at  MPC.  The  results  of  all  of  these  analyses 
are  in  Table  1. 

The  results  indicate  that  significant  fuel  contaimination  is  present  in  the  test 
area  around  the  central  VW  (VW1).  Low  concentrations  of  TRPH  were  detected  in 
the  MPBG2  (background  MP),  but  the  levels  are  not  so  significant  as  to  preclude 
using  MPBG2  to  provide  baseline  data  for  the  test  system.  None  of  the  physical 
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Table  1.  Site  ST14;  Pilot  Test  Sampling 
Soil  and  Gas  Analytical  Results 
Carswell  AFB,  Texas 
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characteristics  appear  to  be  limiting.  The  temperature,  pH,  and  alkalinity  of  the 
soils  are  near  normal  for  optimal  microbial  biodegradation  of  the  hydrocarbons. 
Sufficient  nutrient  levels  also  appear  to  be  present.  Although  the  moisture  content 
seems  to  be  somewhat  high,  the  estimated  air-filled  porosites  of  6  to  11  percent 
were  sufficient  to  allow  air  exchange  and  movement  through  the  soil  profile. 

Initial  Soil  Gas  Chemistry 

Table  2  summarizes  the  initial  soil  gas  chemistry  at  site  ST14.  The  results 
strongly  indicate  that  biological  fuel  degradation  has  depleted  the  oxygen  supply  in 
the  vadose  zone  soils.  Three  of  the  six  sampling  points  at  site  ST14  were  under 
anaerobic  conditions,  and  soil  gas  at  the  remaining  three  sampling  points  contained 
oxygen  at  low  levels  ranging  from  0.8  percent  to  3.8  percent.  In  contrast,  the 
background  MP,  installed  in  uncontaminated  soil  approximately  500  feet  northeast 
of  the  site,  contained  oxygen  at  levels  ranging  from  13.2  percent  (7 -foot  depth)  to 
20.6  percent  (4-foot  depth).  Carbon  dioxide  was  present  at  elevated  concentrations 
in  all  MPs,  ranging  from  9.0  to  11.0  percent,  in  all  initial  soil  gas  samples  collected 
at  site  STM.  The  ambient  oxygen  and  carbon  dioxide  levels  of  MPBG2  at  4  feet  bgl 
suggest  that  short-circuiting  between  this  interval  and  the  surface  has  occurred, 
which  indicates  an  inadequate  seal  between  the  surface  and  this  MP  depth.  High 
hydrocarbon  concentrations  measured  in  the  initial  soil  gas  testing  possibly  indicate 
the  volatilization  of  fuel  from  the  free  product  layer  into  the  pore  space  of  the 
vadose  zone  soils  at  site  STM. 

In  Situ  Respiration  Testing  Results 

Calculations  based  on  pilot  test  results  indicate  that,  at  site  ST14,  an  estimated 
2,555  to  16,790  milligrams  (mg)  of  fuel  per  kilogram  (kg)  of  soil  can  be  degraded 
each  year.  These  values  were  calculated  as  described  in  the  protocol  document 
(Hinchee  et  al.,  1992).  Table  3  lists  the  oxygen  utilization  rates  and  key  assumptions 
used  to  calculate  the  degradation  rate  at  each  point.  Moisture  contents  were  used 
based  on  a  single  data  point  from  each  MP  and  may  not  be  indicative  of  the  actual 
moisture  content  in  the  interval  which  underwent  utilization  testing.  This  is 
important  to  note  since  an  increase  in  actual  moisture  content  of  the  soils  results  in 
a  decrease  in  the  actual  degradation  rate  of  the  hydrocarbons,  as  calculated.  The 
air-filled  porosities  calculated  for  each  sampling  point  ranged  from  0.06  to 
0.15  liters  of  air  per  kilogram  of  soil.  Point-specific  fuel  consumption  rates  were 
calculated  using  observed  oxygen  utilization  rates,  estimated  air-filled  porosities, 
and  a  conservative  ratio  of  3.5  milligrams  of  oxygen  consumed  for  every  1  milligram 
of  fuel  biodegraded.  The  calculated  values  are  different  than  those  in  the  pilot  test 
results  report  (appendix  B)  because  different  assumptions  were  used.  Oxygen  loss 
was  rapid  and  linear  at  every  sampling  point  during  approximately  the  initial 
500  minutes  of  the  in  situ  respiration  test.  The  oxygen  utilization  rates  observed  at 
site  STM  ranged  from  0.016  percent  per  minute  (%/min)  to  0.045  %/min  (Table  3), 
demonstrating  that  hydrocarbon  contamination  is  spread  uniformly  through  the 
pilot  test  area. 


320SR\AU38001\PILCrr 


-14- 


DRAFT 
August  11, 1993 


Table  2.  Site  ST14;  Initial  Soil  Gas  Chemistry 
Carswell  AFB,  Texas 


MP 

Depth 

o2(%) 

co2(%) 

Held  TVH* 
(ppmv) 

Lab  TVH 
(ppmv) 

LabTRPH 

(mg/kg) 

VW 

5-8.5 

3.8 

10.1 

294,000 

23,000 

890 

A 

4 

0.8 

10.4 

546,000 

21,000 

NT** 

A 

7 

0.0 

10.8 

<200,000 

NT 

NT 

A 

10 

NSf 

NS 

NS 

NS 

2,500 

B 

4 

0.0 

11.0 

290,000 

NT 

NT 

B 

7 

NS 

NS 

NS 

NT 

NT 

B 

10 

NS 

NS 

NS 

NS 

2,500 

C 

4 

0.0 

10.3 

200,000 

NT 

NT 

C 

7 

2.2 

9.8 

212,000 

28,000 

1,100 

C 

10 

NS 

NS 

NS 

NS 

1,500 

BG2 

4 

20.6 

0.05 

NT 

NT 

BG2 

7 

13.2 

9.0 

NT 

NT 

BG2 

10 

NS 

NS 

NS 

NS 

*  Estimated  value  using  dilution  method. 

**  NT  =  not  tested  at  this  location. 

t  NS  =  not  sampled  because  of  saturated  moisture  conditions  at  MP  depth  interval. 
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Table  3.  Site  STM; 

Factors  and  Calculated  Values  for  Important  Parameters  in  Biodegradation  Calculations, 

Carswell  AFB,  Texas 


..  Oxygen  utilization  rates  based  on  linear  regressions  of  data  at  each  point 
Bulk  density  of  soils  is  1.45  kg/liter,  porosity  =  45% 

».  Density  of  oxygen  =  1,330  mg/liter 
L  C=  1/3.15,  based  on  hexane 


Air  Permeability  Test  Results 

The  pressure  response  at  each  MP  is  listed  in  Table  4.  Pressure  measured  at  all 
MPs  achieved  steady-state  conditions  within  45  minutes.  Since  more  than 
10  minutes  was  required  to  achieve  steady  state  in  all  of  the  monitoring  points,  the 
dynamic  method  of  determining  soil  gas  permeability  was  selected.  As  discussed  in 
the  technical  protocol  document  (Hinchee  et  al.,  1992),  the  dynamic  method  of 
determining  soil  gas  permeability  that  is  coded  in  the  Hyperventilate™  model  is 
appropriate  for  soils  which  reach  steady  state  in  more  than  approximately 
10  minutes.  Two  depths  from  both  MPA  (10  feet  from  injection  point,  VW1)  and 
MPC  (45  feet  from  injection  point,  VW1)  were  used  to  calculate  relative  air 
permeability  of  the  soils.  Negative  responses  were  observed  in  the  4-foot  interval  of 
MPB  (20  feet  from  injection  point,  VW1).  This  may  be  due  to  the  moist,  highly 
plastic,  and  tightly  consolidated  clayey  soils  in  which  the  monitoring  point  was 
constructed. 

A  constant  injection  flow  rate  of  28  afcm  and  a  screened  interval  thickness  of 
3.5  feet  (5  feet  bgl  top  of  screen  to  8.5  feet  bgl  to  water  level  in  vent  well)  were  used 
to  calculate  soil  gas  permeabilities  of  26.4  and  30.8  darcy  for  the  10-foot  radial 
distance  at  4  and  7  feet,  respectively.  Soil  gas  permeabilities  for  the  45-foot  radial 
distance  at  4  and  7  feet  are  94.2  and  93.4  darcy,  respectively.  An  average  of  61.2 
darcy  was  calculated  for  this  site.  This  value  is  approximately  one  order  of 
magnitude  higher  than  would  be  expected  for  the  predominantly  clayey  soils  at  the 
site;  however,  the  presence  of  gravel  throughout  the  soil  profile  and  increasing  sand 
content  with  depth  appears  to  have  increased  the  average  permeability  at  this  site. 
A  radius  of  pressure  influence  of  at  least  45  feet  was  observed  at  all  depths.  Given 
the  steady-state  pressure  responses  from  10  and  45  feet  from  the  vent  well,  and 
assuming  a  linear  relationship,  the  estimated  radius  of  influence  for  this  site  at 
28  acfm  appears  to  be  60  feet.  Figure  5  depicts  the  steady  state  responses  of 
monitoring  points  measured  during  air  permeability  testing  and  after  running  the 
long-term,  lower  flow,  blower  for  12  hours. 

Oxygen  Influence  Results 

Table  5  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  the 
3.5-hour  air  injection  test  at  the  site,  and  the  air  injection  period  which  extended  at  a 
lower  flow  rate  (24  acfm)  for  an  additional  17  hours.  The  relatively  brief  air 
injection  period  (3.5  hours)  at  28  acfm  produced  changes  in  soil  gas  oxygen  levels  at 
a  distance  of  at  least  45  feet  from  the  central  VW  at  both  monitored  depth  intervals 
in  MPA  and  MPC  and  at  the  one  monitored  depth  interval  in  MPB.  Significant 
increases  in  the  oxygen  concentration  were  measured  at  each  MP  interval. 
Considering  measured  pressure  response,  which  is  an  indicator  of  long-term  oxygen 
transport,  it  is  anticipated  that  the  radius  of  influence  for  a  long-term  bioventing 
system  at  this  site  will  exceed  45  feet  at  all  depths.  Monitoring  during  the  extended 
pilot  test  at  this  site  will  better  define  the  effective  treatment  radius.  Oxygen 
increases  in  MPC  after  installing  and  running  the  long-term  blower  for  12  hours  at 
only  15  acfm  also  indicate  that  the  long-term  blower  selected  will  be  able  to  deliver 
oxygen  to  the  contaminated  soils  at  least  45  feet  from  the  VW. 
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Table  4.  Site  STM;  Pressure  Response  During  the  Air  Permeability  Test, 

Carswell  AFB,  Texas 


Elapsed 
Time  (min) 


Location: 
Depth  (ft): 


MPA 


Pressure  Response  in  MP  finches  of  water) 
MPB  _ 


MPC 


0* 

0.5 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

10.0 

12.0 

22.0 

37.0 

54.0 

92.0 

120.0 

152.0 


-0.05** 

0.00 

0.10 

0.45 

0.75 

1.00 

I. 40 
2.30 

-t 

2.75 

3.90 

4.85 

8.00 

9.70 

II. 70 
12.20 
12.10 
12.10 


0.00 

0.85 

2.20 

350 

455 

6.00 

7.20 

8.40 

9.40 

>10.00 

11.00 

11.70 

12.20 
12.80 
13.00 
13.10 
13.10 


-0.10 

-030 

-0.30 

-035 

-035 

-0.40 

-050 

-050 

-050 


0.00 

-0.30 

-0.40 

+0.25 

+0.25 

+0.40 


0.20 

0.15 

0.15 

0.30 

0.20 

0.55 

0.80 

1.05 

1.40 

1.70 

2.10 

2.25 

2.65 

3.10 

3.50 

3.60 

3.60 

3.60 


0.20 

0.20 

0.20 

0.25 

0.25 

0.35 

0.70 

1.10 

1.35 

1.70 

2.10 

2.25 

2.60 

3.05 

3.50 

3.60 

3.65 

3.65 


*  Pressure  readings  taken  prior  to  initiating  field  test  (blower  startup). 
**  Negative  sign  indicates  vacuum  pressure  at  MP. 
t  Denotes  no  reading  taken  at  this  time. 


-18- 


320SR\AU3S0\TABLE4 


STEADY  STATE  PRESSURE  IN  TACHES  OF  H20 


DISTANCE  IN  FEET  FROM  VW  INJECTION 


ENGINEERING  -S  CIENCE 

DESfCN  ♦  8ESGWCH  4  PUWWNC 
7800  Shod  Crook  BM. 

SuHo  222W 

Austin,  Texas  78757 
512-467-6200 

Officog  to  Principal  CHka 


PERMEABILITY  TEST  RESULTS 

STEADY  STATE  RESULTS  OF 
OPERATING  LONG  TERM  BLOWEF 


B.R.  VANDERGLAS 


J.D.  HIGHLAND 


U.S.  Air  Force  Center  for 
Environmental  Excellence 


CARSWELL  AIR  FORCE  BASE 
FORT  WORTH,  TEXAS 
PN-.FY7624— 93— 08030  FY:93 

FIGURE  5 

RADIUS  OF  INFLUENCE 
PRESSURE  vs.  DISTANCE 
DETERMINATION 
SITE  ST1  4 


I  DWG.  CODE: 


APRIL  30,1992 


SHEET 

REFERENCE 

NUMBER 


RAD-INF 


8/11/93 


F4 1 624— 92— D— 8036 1 


Table  5.  SiteST14; 
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SOIL  SAMPLING  RESULTS 

The  purpose  of  this  section  is  to  summarize  the  results  of  investigation  activities 
performed  at  site  ST14  to  characterize  and  delineate  the  extent  of  contamination  at 
the  site.  The  soils  investigation  was  primarily  designed  to  characterize  the 
contamination  and  to  delineate  its  probable  extent  in  the  unsaturated  soils  at  site 
ST14.  The  secondary  objective  was  to  provide  data  on  physical  parameters  and 
nutrients  to  determine  if  a  full-scale  system  is  suitable  for  the  site.  Borehole 
spacing  was  selected,  based  on  the  radius  of  influence  identified  in  the  pilot  test, 
such  that  vent  wells  could  be  constructed  in  boreholes  exhibiting  significant 
contamination  for  eventual  incorporation  into  a  full-scale  system  for  bioventing 
remediation  at  the  site. 

Contamination  Characterization  and  Delineation 

Thirty-four  samples  were  collected  at  the  site  from  twenty-seven  soil  boreholes 
and  analyzed  for  TRPH  and  BTEX  compounds.  The  locations  of  these  boreholes 
and  types  of  completions  are  shown  on  Figure  4.  The  results  of  the  analysis  are 
presented  in  Table  6. 

The  TRPH  values  were  used  to  delineate  the  extent  of  contamination  at  the  site 
for  design  of  the  full-scale  bioventing  system  at  the  site.  Figure  6  shows  the  highest 
TRPH  levels  detected  in  boreholes  sampled  during  the  characterization.  The  data 
indicate  that  contamination  is  spread  uniformly  across  the  site,  with  higher  levels  of 
contaminants  centered  around  SB1,  VW7,  VW6,  and  VW12  on  the  north  end  of  the 
site,  and  around  VW2,  VW3,  VW11,  and  VW15  on  the  southern  portion  of  the  site. 
The  northern  fence  of  the  fuel  loading  area  is  the  approximate  northern  boundary 
of  contamination,  as  evidenced  by  no  contaminants  found  in  SB7  and  few 
contaminants  found  in  SB6.  No  contaminants  were  found  in  either  SB4  or  SB5 
outside  the  southern  fence  of  the  site,  but  data  from  SB3  suggest  that  significant 
contamination  extends  to  the  area  around  this  point  south  of  the  fence.  A  vent  well 
was  not  constructed  in  this  borehole  because  not  enough  construction  materials 
remained  at  the  site  for  completion. 

Data  from  SB2,  VW10,  VW9,  and  VW8  indicate  significant  contamination  in 
these  boreholes,  which  were  drilled  approximately  10  feet  west  of  building  1213. 
This  suggests  that  contamination  extends  beneath  the  building.  No  soils  data  from 
the  east  side  of  building  1213  exist  to  determine  how  far  the  contamination  plume 
extends  in  the  easterly  direction.  Also,  no  data  are  available  from  the  area  around 
building  1214,  north  of  VW8,  to  assess  the  extent  of  contamination  northeast  of  the 
site.  Data  from  VW16,  VW15,  and  VW13  indicate  that  contamination  extends  at 
least  to  the  center  of  the  fuel  loading  area.  No  additional  data  were  collected  along 
the  western  fence  line,  toward  the  tank  farm,  to  determine  the  western  extent  of  the 
contamination  plume  at  site  ST14,  or  to  assess  the  potential  for  continuity  between 
the  fuel  loading  area  and  the  tank  farm  across  Knight’s  Lake  Road. 

The  vent  well  grid  pattern  established  provides  coverage  for  the  majority  of 
contamination  found  at  the  site.  The  ROI  of  the  operating  vent  wells  along 
building  1213  will  enable  oxygen  to  be  carried  to  the  majority  of  the  soils  beneath 
the  building.  The  northern  boundary  of  the  plume  can  receive  oxygen  from  VW7 
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Table  6.  Analytical  Results:  Site  STM 
Carswell  AFB,  Texas 
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Table  6,  continued 
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and  VW12.  The  areas  which  may  not  be  covered  by  existing  VWs  include  a  portion 
south  of  the  fence  line  and  possibly  areas  not  fully  characterized,  such  as  the  east 
side  of  building  1213  areas  around  building  1214,  and  along  the  western  edge  of  the 
fuel  loading  area.  Air  injected  into  VW16,  VW15,  VW14,  and  VW13  should  deliver 
minimal  oxygen  levels  to  soils  near,  but  east  of,  Knight’s  Lake  Road.  A  small  gap 
may  also  exist  between  VW14  and  VW15  because  of  the  large  number  of  buried 
fuel  lines  in  that  area  which  prevented  construction  of  a  vent  well  in  the  preferred 
location. 

Soil  Venting  Characteristics 

Except  for  VW11,  at  least  one  soil  sample  was  collected  from  the  screened 
interval  of  each  VW  and  MP  for  analysis  of  soil  venting  parameters  such  as  physical 
characteristics  of  soil  and  nutrient  content.  These  data  are  important  in 
determining  the  suitability  of  each  VW.  The  results  are  shown  in  Table  7.  Samples 
were  not  collected  in  VW11  because  samples  had  already  been  collected  in  SB2 
(5  feet  south  of  VW11)  for  TRPH  and  BTEX  analysis. 

Based  on  the  data  from  fifteen  VWs  and  MPs  sampled,  none  of  the  physical 
parameters  or  nutrients  appear  to  limit  the  potential  effectiveness  of  bioventing  at 
site  ST14.  Moisture  contents  in  the  samples  ranged  from  8.2  percent  in  VW2  to 
25.3  percent  in  MPA.  The  average  moisture  content  was  17.3  percent.  At  these 
levels,  there  is  still  sufficient  air-filled  porosity  to  allow  gaseous  exchanges  to  occur 
in  the  unsaturated  soil.  The  pH  values  ranged  from  8.2  to  9.5,  which  are  slightly 
higher  than  optimum,  but  should  not  be  toxic  to  microbes.  High  pH  values  such  as 
these  can  precipitate  more  stable  forms  of  phosphorus,  making  phosphorus  levels  in 
soil  less  available.  The  initial  reaction  of  the  microbial  population  after  stimulation 
with  supplied  oxygen  suggests  that  oxygen  was  the  only  factor  currently  limiting  the 
metabolic  actions  of  the  microbes  in  the  unsaturated  soils  at  the  site. 
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Table  7.  Soil  Venting  Characteristics:  ST14,  Carswell  AFB,  Texas 
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SECTION  4 


PILOT  SYSTEM  DESIGN 


INTRODUCTION 

Upon  completion  of  the  pilot  tests  described  above  and  in  the  pilot  test  report 
(appendix  B),  a  semipermanent  installation  of  a  blower  unit  and  a  single  vent  well 
was  constructed.  This  system  is  intended  to  operate  with  minimal  attention  for  1  full 
year  or  until  the  full-scale  system  is  installed.  This  section  describes  the  pertinent 
details  of  this  pilot  system  and  presents  the  as-built  design  drawings  and 
specifications. 

BASIS  OF  DESIGN 

The  pilot  system  in  place  at  site  ST14  was  developed  based  on  similar  pilot 
systems  constructed  by  ES  at  other  locations.  The  goal  was  to  leave  in  place  a 
low-maintenance  blower/vent  well  system  operating  to  deliver  air  at  the 
appropriate  flow  rate  and  pressure  as  indicated  from  the  initial  pilot  testing.  As 
discussed  in  section  3  of  this  report,  the  initial  pilot  testing  indicated  that  a  radius  of 
influence  in  excess  of  45  feet  could  be  achieved  with  a  nominal  flow  rate  of  20  acfm 
at  a  nominal  pressure  of  2  psi.  Although  an  equivalent  radius  of  influence  may  have 
been  achieved  at  a  lower  flow  given  a  longer  term  test,  ES  believes  that  20  acfm 
represents  a  reasonable  and  conservative  design  parameter. 

DESIGN  DRAWINGS  AND  SPECIFICATIONS 

As-built  design  drawings  are  presented  as  sheets  1  and  2  in  appendix  E.  These 
drawings  present  a  schematic  and  plan  and  section  views  of  both  the  blower/vent 
well  pilot  system  and  the  monitoring  points  for  the  system.  The  vent  well  design  is 
typical  of  all  vent  wells  constructed  at  the  site.  Construction  details  of  specific  vent 
wells  are  included  with  the  drilling  logs  in  appendix  D.  Specifications  for  pilot 
system  equipment  are  included  on  the  drawings  and  in  in  additional  sheets  in 
appendix  E. 

RECOMMENDATIONS  FOR  DESIGN  OF  FULL  SCALE  SYSTEM 

Although  it  is  not  within  the  scope  of  this  delivery  order  to  prepare  a  full-scale 
bioventing  system  design  for  ST14,  some  recommendations  are  presented  here 
which  should  be  considered  in  planning  the  full  scale  design. 


320SR\AU38001\PILOT 


-27- 


DRAFT 
August  11, 1993 


As  discussed  in  section  3,  some  gaps  exist  in  available  soils  data  for  evaluating 
the  complete  extent  of  fuel  contamination  at  the  site.  First,  the  limits  of  soil 
contamination  to  the  west  of  the  site,  towards  the  tank  farm,  was  not  delineated.  It 
is  anticipated  that  the  western  most  vent  wells  constructed  during  this  investigation 
will  provide  oxygen  to  areas  east  of  Knight’s  Lake  Road  which  separates  the  site 
from  the  tank  farm.  Soils  investigation  at  the  tank  farm  should  be  planned  to 
determine  if  contamination  extends  from  site  ST14  to  the  tank  farm,  and  any 
bioventing  system  constructed  at  the  tank  farm  should  include  treatment  of  any 
contaminated  soils  along  Knight’s  Lake  Road.  It  is  anticipated  that  soil 
contamination  extends  under  building  1213  and  possibly  to  building  1214  east  of  the 
site.  Prior  to  completing  the  full  scale  system,  soil  borings  should  be  placed  east  of 
1213  and  between  the  site  and  building  1214  to  confirm  the  eastern  extent  of  soil 
contamination. 

A  recommended  air  delivery  system  layout  is  presented  in  Figure  7.  It  is 
recommended  that  the  blower  unit  be  housed  in  a  shed,  outside  the  perimeter  fence 
for  STM,  on  the  northern  end  of  the  site.  This  location  allows  relatively  easy  access 
to  the  blower  shed  and  does  not  interfere  with  normal  site  activities.  A  header 
branches  east  and  west  from  the  outlet  of  the  blower  unit  and  then  runs  south  along 
the  east  side  of  STM  and  south  to  the  vent  wells  on  the  northwest  end  of  the  site. 
Lines  branch  off  the  header  for  each  vent  well.  A  vent  well  should  be  constructed  at 
SB3  as  part  of  this  full  scale  system,  and  a  soil  boring  should  be  drilled  (for  possible 
conversion  to  a  vent  well)  between  SB3  and  SB4.  This  recommended  configuration 
was  developed  to  minimize  the  need  to  cross  over  underground  utilities,  and  to  limit 
the  number  of  trenches  crossing  traffic  areas. 

As  discussed  in  section  3  of  this  report,  an  air  delivery  rate  of  15  to  20  acfm  at 
approximately  2  psi  yielded  a  radius  of  influence  in  excess  of  the  45 -foot  design 
value  used  for  placement  of  the  vent  wells.  Considering  these  test  results,  the 
recommended  blower  for  the  full-scale  system  should  be  capable  of  delivering  up  to 
20  acfm  at  2  psi  to  each  vent  well.  For  the  sixteen  vent  wells  in  the  full  scale  system, 
it  is  recommended  that  a  single  blower  with  a  capacity  of  320  acfm  at  2  psi  be 
installed.  Because  of  the  need  for  low-maintenance  equipment  in  the  full-scale 
system,  a  regenerative  blower  is  recommended.  The  blower  system  should  be 
installed  outside  explosive  hazard  areas  unless  explosion  proof  equipment  is 
specified. 

Upon  completion  of  bioventing  activities  at  the  site,  soil  boring  and  sampling 
should  be  conducted  to  ensure  that  BTEX  and  TRPH  levels  in  soils  are  acceptable. 
Engineering-Science  recommends  that  borings  be  placed  in  the  intervals  between 
the  vent  wells  to  ensure  that  sufficient  degradation  of  contaminants  has  occurred  in 
areas  furthest  from  the  vent  wells.  In  particular,  a  soil  sample  should  be  analyzed 
from  the  area  between  VW14  and  VW15  because  of  the  greater  than  normal 
distance  between  these  two  vent  wells. 
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BIOVENTING  TEST  WORK  PLAN 
FOR  PETROLEUM,  OIL,  AND 
LUBRICANT  TANK  FARM  -  SITE  ST14 
CARSWELL  AFB,  TEXAS 


1.0  INTRODUCTION 

This  work  plan  presents  the  scope  of  an  in  situ  bioventing  pilot  test  for  treat¬ 
ment  of  fuel-contaminated  soils  and  a  subsurface  soils  investigation  at  the 
petroleum,  oil,  and  lubricant  (POL)  tank  farm  (site  ST14)  at  Carswell  Air  Force 
Base  (AFB),  Texas.  The  pilot  test  has  three  primary  objectives:  1)  to  assess  the 
potential  for  supplying  oxygen  throughout  the  contaminated  soil  interval;  2)  to 
determine  the  rate  at  which  indigenous  microorganisms  will  degrade  fuel  when 
stimulated  by  oxygen-rich  soil  gas;  and  3)  to  evaluate  the  potential  for  sustaining 
these  rates  of  biodegradation  until  fuel  contamination  is  remediated  to  concentra¬ 
tions  below  regulatory  limits.  The  objective  of  the  subsurface  soils  investigation  is 
to  delineate  the  extent  of  contamination  at  the  site. 

The  pilot  test  will  be  conducted  in  two  phases.  Vent  wells  (VWs)  and  monitor¬ 
ing  points  (MPs)  will  be  installed  during  site  investigation  activities.  The  initial 
stage  will  also  include  an  in  situ  respiration  test  and  an  air  permeability  test.  This 
initial  testing  is  expected  to  take  approximately  2  weeks.  If  successful,  ES  will 
proceed  directly  into  the  second  phase  of  testing.  During  the  second  phase,  a 
bioventing  system  will  be  installed  and  monitored  over  a  1-year  period. 

If  bioventing  proves  to  be  feasible,  pilot  test  data  could  be  used  to  design  a  full- 
scale  remediation  system  and  to  estimate  the  time  required  for  site  cleanup.  The 
soils  investigation  will  provide  additional  data  on  subsurface  contamination  to  guide 
design  of  the  full-scale  bioventing  system  at  this  site.  An  added  benefit  of  the  pilot 
testing  at  the  POL  tank  farm  is  that  a  significant  amount  of  the  fuel  contamination 
should  biodegrade  during  the  1-year  pilot  test,  as  the  testing  will  take  place  within 
known  contaminated  soils  at  the  site. 

Additional  background  information  on  the  development  and  recent  success  of 
the  bioventing  technology  is  found  in  the  Test  Plan  and  Technical  Protocol  for  a  Field 
Treatability  Test  for  Bioventing  (Hinchee  et  al.,  1992).  This  protocol  document  will 
also  serve  as  the  primary  reference  for  pilot  test  well  designs  and  detailed  proce¬ 
dures  which  will  be  used  during  the  test. 
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2.0  SITE  DESCRIPTION 
2.1  Site  Location  and  Histoiy 

The  POL  tank  farm,  also  referred  to  as  site  ST14,  is  located  in  the  eastern 
portion  of  the  base,  near  the  Carswell  AFB  main  gate.  The  tank  farm  portion  of  the 
site  consists  of  two  aboveground  fuel  storage  tanks.  The  site  also  includes  the  fuel 
loading  facility  located  on  the  east  side  of  Knights  Lake  Road,  across  the  street  from 
the  tank  farm.  Figure  2.1  shows  the  locations  of  existing  tanks,  general  site  features, 
and  monitoring  wells  within  and  adjacent  to  the  areas  identified  with  fuel  contami¬ 
nation.  Soil  gas  survey  results  indicate  probable  subsurface  soils  contamination  in 
the  vicinity  of  the  aboveground  tanks  and  near  the  monitoring  well,  ST14-17M 
(Radian,  1991a).  Free-floating  product  was  encountered  in  this  monitoring  well 
during  a  1990  Investigation  Restoration  Program  (IRP)  investigation  event.  It  is 
suspected  that  subsurface  soils  in  the  fuel  loading  facility  were  contaminated 
through  leaking  underground  pipes.  A  French  drain  system  was  reportedly  installed 
downgradient  of  the  site  to  collect  and  discharge  oily  wastes  through  an  oil-water 
separator  located  at  the  base. 

22  Site  Geology 

According  to  information  obtained  during  installation  of  the  nine  monitoring 
wells  and  drilling  of  eight  soil  borings  in  and  around  the  site  vicinity,  the  upper  zone 
in  the  POL  tank  farm  area  consists  of  approximately  10  feet  of  gray  to  tan  clay 
(Radian,  1991a).  The  clay  was  reported  to  contain  pebbles  and  freshwater  gastro¬ 
pod  shells.  This  upper  zone  is  underlain  by  another  5  to  10  feet  of  fine-grained 
greyish-green  or  tan  sand  and  gravel,  increasing  in  gravel  content  with  depth.  The 
gravel  ranges  from  pea  size  to  over  an  inch  in  diameter.  Beneath  this  sand  and 
gravel  layer  lies  the  underlying  bedrock  surface  of  the  Goodland  Limestone  Forma¬ 
tion.  The  depth  to  the  Goodland  limestone  beneath  the  site  ranges  from  16  to  20 
feet  below  ground  level  (BGL)  (Radian,  1991a). 

A  water-level  survey  performed  on  wells  in  June  1990  at  the  site  indicated  the 
depth  to  water  varied  from  approximately  8  to  16  feet  BGL  (Radian,  1991a).  This 
suggests  that  the  top  of  the  water  table  corresponds  fairly  closely  to  the  top  of  the 
sand  and  gravel  layer.  In  monitoring  well  ST14-17M,  located  near  the  proposed 
vent  well,  groundwater  was  encountered  at  approximately  10  feet  BGL. 

23  Site  Contaminants 

The  primary  contaminants  at  this  site  are  believed  to  be  petroleum  hydrocar¬ 
bons,  which  have  been  detected  in  groundwater  samples  collected  at  site  ST14 
(Radian,  1991b).  These  petroleum  components  are  benzene,  ethyl  benzene, 
chlorobenzene,  toluene,  and  xylenes.  Of  these,  ethyl  benzene  was  the  most 
common,  having  been  detected  in  six  of  the  nine  monitoring  wells  at  the  site. 
Benzene  was  the  only  volatile  organic  compound  detected  at  a  concentration 
exceeding  its  maximum  contaminant  level  (MCL).  Analytical  results  reveal  the 
highest  benzene  concentrations  in  the  groundwater  sample  collected  from 
monitoring  well  ST14-17M  in  the  fuel  loading  facility.  More  than  2  feet  of  free- 
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phase  hydrocarbon  was  also  encountered  floating  on  top  of  the  water  in  this 
monitoring  well  during  the  1990  sampling  event.  The  highest  levels  of 
chlorobenzene,  toluene,  and  total  xylenes  were  also  detected  in  the  sample  collected 
from  this  well. 

The  results  of  a  soil  gas  survey  conducted  in  December  1987  at  the  site  also 
indicated  the  probable  presence  of  hydrocarbon-contaminated  subsurface  soils  in 
two  separate  areas  beneath  the  site  (Radian,  1991a).  The  largest  vapor  plume  was 
reported  underlying  the  vicinity  of  tanks  1156  and  1157  and  encompassing  an  area 
approximately  100  feet  wide  and  300  feet  long.  A  smaller  plume  was  encountered  in 
the  fuel  loading  facility  area  located  near  monitoring  well  STM- 17M,  which  exhib¬ 
ited  free-floating  product  during  the  1990  groundwater  sampling  activities. 

The  results  of  any  soil  sampling  activities  which  may  have  taken  place  are  not 
available.  As  discussed  in  section  5.0,  soil  sampling  is  planned  to  fill  in  this  data 

gap- 


3.0  PILOT  TEST  ACTIVITIES 

The  purpose  of  this  section  is  to  describe  the  work  that  will  be  performed  by 
Engineering-Science,  Inc.  (ES),  at  site  STM  (POL  tank  farm)  during  the  bioventing 
pilot  test.  ES  will  perform  siting  and  construction  of  a  central  air  injection  VW  and 
three  vapor  MPs;  an  in  situ  respiration  test;  an  air  permeability  test;  and  installation 
of  a  long-term  bioventing  pilot  test  system.  Soil  borings  will  also  be  drilled  to  more 
fully  characterize  and  delineate  the  soil  contamination  of  the  vadose  zone  in  the 
vicinity  of  the  POL  tank  farm.  If  significant  fuel  contamination  is  encountered 
during  soil  boring  activities,  then  additional  VWs  may  be  constructed  in  the 
contaminated  borehole  for  potential  use  in  full-scale  remediation,  depending  on 
pilot  test  results.  Pilot  test  activities  performed  on  any  additional  wells  will  be 
limited  to  field  screening  of  soil  gas  samples.  Soil  and  gas  sampling  procedures  and 
the  blower  configuration  that  will  be  used  to  inject  air  (oxygen)  into  contaminated 
soils  through  the  central  VW  are  also  discussed  in  this  section.  The  soil  sampling 
plan  for  the  vadose  zone  contamination  investigation  is  described  in  section  5.  No 
dewatering  will  take  place  during  the  pilot  test.  Pilot  test  activities  will  be  confined 
to  unsaturated  soils  remediation.  Existing  monitoring  wells  will  not  be  used  as 
primary  air  injection  wells.  However,  monitoring  wells  which  have  a  portion  of  their 
screened  interval  above  the  water  table  may  be  used  as  vapor  MPs  or  to  measure 
the  composition  of  background  soil  gas. 

3.1  Site  Layout 

Criteria  for  siting  a  central  VW  and  vapor  MPs  are  described  in  the  protocol 
document  (Hinchee  et  al.,  1992).  Figure  3.1  illustrates  the  proposed  locations  of  the 
central  VW  and  the  MPs  at  this  site.  The  final  locations  may  vary  slightly  from  the 
proposed  locations  if  significant  fuel  contamination  is  not  observed  in  the  boring  for 
the  VW.  Based  on  existing  site  investigation  data,  the  central  VW  should  be  located 
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near,  and  west  of,  monitoring  well  ST14-17M.  Soils  in  this  area  are  expected  to  be 
oxygen  depleted  ( <2  percent)  by  high  hydrocarbon  levels,  and  increased  biological 
activity  should  be  stimulated  by  oxygen-rich  soil  gas  ventilation  during  pilot  test 
operations. 

Given  the  relatively  shallow  depth  of  contamination  at  this  site  and  the  experi¬ 
ence  that  ES  has  had  with  similar  soil  types,  the  potential  radius  of  venting  influence 
around  the  central  air  injection  well  is  expected  to  be  35  to  40  feet.  Three  vapor 
MPs  (referred  to  as  MPA,  MPB,  and  MPC)  will  be  located  within  a  40-foot  radial 
distance  of  the  central  VW.  The  spacing  of  the  monitoring  points  in  relation  to  the 
vent  well  is  shown  on  Figure  3.2.  A  fourth  MP  will  be  located  away  from  the  site  in 
clean  soils  and  will  be  used  to  measure  background  levels  of  oxygen  and  carbon 
dioxide  and  to  determine  if  natural  carbon  sources  are  contributing  to  oxygen 
uptake  during  the  in  situ  respiration  test.  This  background  MP  is  tentatively  located 
on  Figure  3.1.  However,  ES  will  request  the  assistance  of  base  personnel  in 
identifying  an  uncontaminated  area  for  background  sampling. 

3.2  Vent  Well 

One  central  VW  will  be  installed  at  the  site.  The  central  VW  will  be  used,  for 
pilot  testing  purposes  and  will  be  constructed  of  4 -inch-inside -diameter  (ID)  sched¬ 
ule  40  polyvinyl  chloride  (PVC),  with  a  10-foot  interval  of  0.04-inch  slotted  screen 
set  at  5  to  15  feet  BGL.  Flush-threaded  PVC  casing  and  screen  will  be  used  with  no 
organic  solvents  or  glues.  The  filter  pack  will  be  clean,  well-rounded  silica  sand  with 
a  grain  size  of  6  to  9,  and  will  be  placed  in  the  annular  space  of  the  screened  inter¬ 
val.  A  2-foot  layer  of  bentonite  pellets,  hydrated  in  place  with  potable  water,  will  be 
placed  directly  over  the  filter  pack.  This  layer  of  pellets  will  prevent  the  addition  of 
bentonite  slurry  from  saturating  the  filter  pack.  A  bentonite-cement  grout  will  then 
be  trended  into  the  remaining  annular  space  above  the  bentonite  pellets  to  produce 
an  airtight  seal  above  the  screened  interval.  A  complete  seal  is  critical  to  prevent 
injected  air  from  short-circuiting  to  the  surface  during  the  bioventing  test. 
Figure  3.3  illustrates  the  proposed  central  VW  construction  for  this  site. 

Although  contaminated  soils  may  exist  above  5  feet  BGL,  the  5 -foot  depth  was 
chosen  for  the  top  of  the  screened  interval  to  reduce  short-circuiting  of  injected  air 
to  the  surface,  a  common  problem  at  sites  with  shallow  contamination  and  tight 
soils.  It  is  felt  that  oxygen  can  still  be  delivered  to  the  shallow  soils  by  vertical  flow 
and  diffusion.  The  bottom  of  the  screened  interval  15  feet  BGL  will  be  5  feet  below 
the  interface  of  silty-clay  and  sand,  which  is  approximately  10  feet  BGL.  Water  is 
anticipated  to  be  present  in  the  top  of  the  sand  zone  at  approximately  11  feet  BGL. 
The  June  1990  water  level  reported  for  monitoring  well  ST14-17  was  10.9  feet  below 
the  measuring  point.  Placing  the  screened  interval  well  into  the  water  table  will 
allow  oxygenation  of  soils  in  this  zone  if  the  water  table  subsides  during  the  life  of 
the  pilot  system. 
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3.3  Monitoring  Points 

A  typical  multidepth  vapor  MP  construction  for  this  site  is  shown  in  Figure  3.4. 
Soil  gas  oxygen  and  carbon  dioxide  concentrations  will  be  monitored  at  depths  of 
4  feet,  7  feet,  and  10  feet  at  each  location.  Where  the  water  table  is  less  than 
10  feet  BGL,  only  two  MPs  may  be  constructed.  Multidepth  monitoring  will  confirm 
that  the  entire  soil  profile  is  receiving  oxygen,  and  will  serve  to  measure  fuel 
biodegradation  rates  at  each  depth.  The  depths  or  number  of  monitoring  points  will 
be  adjusted  in  the  event  the  water  table  is  encountered  at  depths  shallower  than 
10  feet,  such  that  the  deepest  monitoring  point  screen  is  a  minimum  of  1  foot  above 
the  water  table.  The  spaces  between  monitoring  intervals  will  be  sealed  with 
bentonite  to  isolate  the  intervals.  As  with  the  central  VW,  several  inches  of 
hydrated  bentonite  pellets  will  be  used  to  shield  the  filter  pack  from  rapid  infiltra¬ 
tion  of  bentonite  sluny  additions.  Soil  temperature  will  be  monitored  using  ther¬ 
mocouples  installed  at  depths  of  4  feet  and  10  feet  BGL  in  the  monitoring  point 
closest  to  the  vent  well  (MPA).  Additional  details  on  VW  and  MP  construction  are 
found  in  section  4  of  the  protocol  document. 

3.4  Handling  Drill  Cuttings 

Cuttings  will  be  collected  in  U.S.  Department  of  Transportation  (DOT) 
approved  containers.  The  containers  will  be  labeled  and  left  on  base.  Drill  cuttings 
will  become  the  responsibility  of  Carswell  AFB  or  their  designated  contractor. 
Thus,  Carswell  AFB  will  be  responsible  for  disposal  of  drill  cuttings  in  accordance 
with  the  current  procedures  for  ongoing  remedial  investigations. 

3.5  Soil  and  Soil  Gas  Sampling 

3.5.1  Soil  Samples 

Four  soil  samples  will  be  collected  from  the  pilot  test  area  during  installation  of 
the  central  VW  and  MPs.  Sampling  procedures  will  follow  those  outlined  in  the 
protocol  document.  One  sample  will  be  collected  from  the  most  contaminated 
interval  of  the  central  VW  boring,  and  one  sample  will  be  collected  from  the  inter¬ 
val  of  highest  apparent  contamination  in  each  of  the  MP  soil  borings.  Soil  samples 
will  be  analyzed  for  total  recoverable  petroleum  hydrocarbons  (TRPH)  using  EPA 
method  418.1;  benzene,  toluene,  ethyl  benzene,  and  xylenes  (BTEX)  using  EPA 
method  SW8020;  soil  moisture;  pH;  particle  sizing;  alkalinity;  and  nutrients 
(nitrogen  and  phosphorus).  One  sample  from  the  background  boring  will  also  be 
analyzed  for  total  Kjeldahl  nitrogen  (TKN). 

Samples  for  TRPH  and  BTEX  analysis  will  be  collected  using  a  split-spoon 
sampler.  Samples  will  be  collected  by  hand  with  stainless  steel  sampling  spoons  or 
using  brass  tube  liners  in  the  split  spoon.  Hand  collected  samples  will  be  immedi¬ 
ately  placed  in  glass  bottles  with  Teflon®-lined  lids  and  packed  into  a  cooler  for 
storage.  If  brass  tube  liners  are  used,  the  soil  samples  will  be  immediately  trimmed, 
and  the  ends  of  the  brass  tubes  will  be  sealed  with  aluminium  foil  or  Teflon  fabric 
held  in  place  by  plastic  caps.  Soil  samples  collected  for  all  other  analyses  will  be 
placed  into  glass  sample  jars  or  other  appropriate  sample  containers  specified  in  the 
soil  sampling  section  of  this  work  plan  (section  5).  Soil  samples  will  be  labeled 
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following  the  nomenclature  specified  in  the  protocol  document,  wrapped  in  plastic, 
and  placed  in  a  cooler  for  shipment.  A  chain-of-custody  form  will  be  filled  out,  and 
the  cooler  will  be  delivered  to  NDRC  Laboratories  in  Richardson,  Texas,  for  analy¬ 
sis.  This  laboratory  has  been  audited  by  the  Texas  Water  Commission  (TWC)  and 
meets  all  quality  assurance/quality  control  (QA/QC)  and  certification  requirements 
for  the  State  of  Texas. 

3.5 2  Soil  Gas  Samples 

A  total  hydrocarbon  vapor  analyzer  will  be  used  during  drilling  to  screen  split- 
spoon  samples  for  intervals  of  high  fuel  contamination  in  the  VWs  and  MPs.  Initial 
soil  gas  samples  from  the  central  VW  and  from  the  MPs  closest  to  and  furthest  from 
the  VW  will  be  collected  in  SUMMA®  canisters  in  accordance  with  the  bioventing 
field  sampling  plan  (ES,  1992).  Additionally,  these  soil  gas  samples  will  be  used  to 
determine  the  reduction  in  BTEX  and  total  volatile  hydrocarbons  (TVH)  during  the 
1-year  test,  and  to  detect  any  migration  of  these  vapors  from  the  source  area. 

Soil  gas  sample  canisters  will  be  placed  in  a  small  cooler  and  packed  with  foam 
pellets  to  prevent  excessive  movement  during  shipment.  To  prevent  condensation 
of  hydrocarbons,  samples  will  not  be  sent  on  ice.  A  chain-of-custody  form  will  be 
filled  out,  and  the  cooler  will  be  shipped  to  the  Air  Toxics,  Inc.,  laboratory  in  Ranch 
Cordova,  California,  for  analysis. 

3.6  Blower  System 

A  3 -horsepower  positive-displacement  blower  capable  of  injecting  air  over  a 
wide  range  of  flow  rates  and  pressures  will  be  used  to  conduct  the  initial  air 
permeability  test  and  in  situ  respiration  test.  The  maximum  power  requirement 
anticipated  for  this  pilot  test  is  230-volt,  single-phase,  30-amp  service.  Additional 
details  on  power  supply  requirements  are  described  in  section  6.0,  base  support 
requirements. 

3.7  In  Situ  Respiration  Test 

The  objective  of  the  in  situ  respiration  test  is  to  determine  the  rate  at  which  soil 
bacteria  degrade  petroleum  hydrocarbons.  Respiration  tests  will  be  performed  at 
selected  depth  intervals  in  MPs  where  bacteria  biodegradation  of  hydrocarbons  is 
indicated  by  low  oxygen  levels  and  elevated  carbon  dioxide  concentrations  in  the 
soil  gas.  A  1-cubic-foot-per-minute  (cfm)  pump  will  be  used  to  inject  air  into  the 
selected  MP  depth  intervals  containing  low  levels  (<2  percent)  of  oxygen.  A 
20-hour  air  injection  period  will  be  used  to  oxygenate  local  contaminated  soils.  At 
the  end  of  the  20 -hour  air  injection  period,  the  air  supply  will  be  cut  off,  and  oxygen 
and  carbon  dioxide  levels  will  be  monitored  for  the  following  48  to  72  hours.  The 
decline  in  oxygen  and  increase  in  carbon  dioxide  concentrations  over  time  will  be 
used  to  estimate  rates  of  bacterial  degradation  of  fuel  residuals.  Helium  will  also  be 
injected  at  each  MP  to  account  for  oxygen  loss  to  diffusion  or  leakage.  Additional 
details  on  the  in  situ  respiration  test  are  found  in  section  5.7  of  the  protocol  docu¬ 
ment  (Hinchee  et  al.,  1992). 
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3.8  Air  Permeability  Test 

The  objective  of  the  air  permeability  test  is  to  determine  the  extent  of  the 
subsurface  that  can  be  oxygenated  using  one  air  injection  VW.  Air  will  be  injected 
into  the  4-inch-diameter  central  VW  using  the  blower  unit,  and  pressure  response 
will  be  measured  at  each  MP  with  differential  pressure  gauges  to  determine  the 
region  influenced  by  the  unit.  Oxygen  will  also  be  monitored  in  the  MPs  to  verify 
that  oxygen  levels  in  the  soil  increase  as  the  result  of  air  injection.  One  air  perme¬ 
ability  test  lasting  approximately  4  to  8  hours  will  be  performed. 

3.9  Installation  of  1-Year  Pilot  Test  Bioventing  System 

The  decision  to  proceed  with  bioventing  will  be  made  after  completion  of  the 
soil  gas  permeability  and  the  in  situ  respiration  tests.  If  sufficient  evidence  exists  to 
indicate  that  the  addition  of  oxygen  enhances  biodegradation  in  the  contaminated 
areas,  then  a  long-term  bioventing  system  will  also  be  installed  at  the  POL  tank 
farm  area  (site  ST14)  before  the  field  crew  leaves  the  site.  The  base  will  be 
requested  to  provide  power  consisting  of  230-volt,  30-amp,  single-phase  service  and 
a  breaker  box  with  one  230-volt  receptacle  and  two  110-volt  receptacles.  Depending 
on  availability,  a  base  electrician  or  a  licensed  electrician  subcontracted  to  ES  will 
assist  in  wiring  the  blowers  to  line  power.  The  blower  system  will  be  chosen  based 
on  the  results  of  the  initial  respiration  and  air  permeability  tests.  However,  it  is 
anticipated  that  the  long-term  blower  will  be  capable  of  injecting  air  at  5  pounds  per 
square  inch  (psi)  and  14  cfm  and  will  not  exceed  1.5  horsepower.  The  blower  will 
have  vacuum,  pressure,  and  temperature  gauges,  and  an  air  filter,  pressure  relief, 
and  flow  control  valve  (see  Figure  3.5).  The  blower  will  be  housed  in  a  small, 
prefabricated  shed  to  provide  protection  from  the  weather.  The  system  will  be 
operated  for  1  year,  and  ES  personnel  will  conduct  in  situ  respiration  tests  after  6 
months  and  at  the  conclusion  of  the  pilot  test  (1  year)  to  monitor  the  long-term 
performance  of  this  bioventing  system.  Weekly  system  checks  will  be  performed  by 
Carswell  AFB  personnel.  If  required,  major  maintenance  of  the  blower  unit  will  be 
performed  by  ES  personnel.  Detailed  blower  system  information  and  a 
maintenance  schedule  will  be  included  in  the  operation  and  maintenance  (O&M) 
manual  provided  to  the  base.  More  detailed  information  regarding  the  long-term 
pilot  test  procedures  can  be  found  in  the  protocol  document. 

4.0  EXCEPTIONS  TO  PROTOCOL  PROCEDURES 

The  procedures  that  will  be  used  to  measure  the  air  permeability  of  the  soil  and 
in  situ  respiration  rates  are  described  in  sections  4  and  5,  respectively,  of  the  proto¬ 
col  document  (Hinchee  et  al.,  1992).  No  exceptions  to  the  protocol  are  anticipated. 

5.0  SOIL  SAMPLING  PLAN 
5.1  Preliminaries 

Prior  to  drilling,  all  federal,  state,  and  local  permits  will  be  obtained  and  all 
underground  pipelines  and  utilities  will  be  marked.  Carswell  AFB  will  be  responsi¬ 
ble  for  assisting  the  ES  field  team  in  obtaining  all  utility  clearances.  If  any  of  the 
proposed  borehole  locations  are  in  a  difficult  drilling  position,  such  as  under  a  tree, 
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too  close  to  an  overhead  power  line,  or  in  an  unusually  soft  or  wet  area,  then  the 
borehole  will  be  relocated  by  the  ES  field  team  leader. 

To  ensure  that  no  contamination  is  inadvertently  introduced  into  a  boring  or 
vent  well,  all  drilling,  downhole,  and  sampling  equipment  will  be  decontaminated. 
The  driller  on  site  will  have  a  valid  State  of  Texas  monitoring  well  license. 

To  further  ensure  that  there  are  no  underground  obstructions,  all  areas  where 
soil  borings  and  vent  wells  are  to  be  drilled  will  be  surveyed  with  a  magnetometer 
(pipe  finder)  instrument. 

5.2  Drilling 

The  soil  borings  will  be  drilled  to  a  depth  of  approximately  10  to  15  feet  using 
8-inch-outer-diameter  (OD),  continuous-flight,  hollow-stem  augers.  Soil  samples 
will  be  collected  continuously  using  a  split  spoon  or  core  barrel.  The  lithology  of 
each  sample  will  be  described  in  the  field  logbook. 

Once  the  radius  of  oxygen  influence  (ROI)  for  vent  wells  at  the  site  is 
determined  from  the  pilot  bioventing  test,  the  soil  boring  locations  can  be 
determined.  The  borings  will  be  located  generally  along  the  buried  fuel  distribution 
line.  The  ROI  observed  from  the  pilot  system  will  be  used  to  determine  the  spacing 
between  soil  borings  in  order  to  maximize  efficiency  of  a  full-scale  bioventing 
system.  The  proposed  locations  for  the  first  nine  boreholes  are  shown  on  Figure  5.1. 
These  locations  account  for  cultural  obstructions  such  as  buildings  and  pavement, 
but  do  not  consider  results  obtained  during  the  pilot  test.  A  more  accurate  soil 
boring  plan  with  tentative  boring  locations  will  be  prepared  after  determining  ROI 
and  evaluating  analytical  data  from  samples  collected  from  the  vent  well  and 
monitoring  point  boreholes.  This  plan  will  be  submitted  as  an  appendix  to  the 
interim  bioventing  test  data  report. 

The  core  samples  will  be  screened  with  an  OVA,  and  at  least  one  sample  per 
boring  will  be  placed  into  ajar  for  headspace  analysis.  If  contamination  is  not  found 
by  screening  the  soil,  then  no  further  borings  will  be  drilled.  If  significant 
contamination  is  detected  based  on  headspace  readings  or  saturated  visual  charac¬ 
teristics,  then  a  vent  well  will  be  completed  in  the  borehole  for  use  in  the  full-scale 
bioventing  system.  A  second  soil  boring  will  be  drilled  and  sampled  one  and  three- 
fourths  ROIs  from  the  first.  If  contamination  is  still  detected,  then  additional 
borings  will  be  drilled  until  significant  contamination  is  no  longer  detected.  Vent 
wells  will  be  constructed  in  each  of  the  borings  which  exhibit  characteristics  of 
significant  contamination  (i.e.,  high  headspace  readings,  oily  saturated  soil,  heavy 
odors). 

Soil  borings  will  also  be  located  in  a  line  downgradient  of  the  area  of  highest 
contamination  based  on  local  groundwater  hydrology.  The  water  table  is  located 
near  a  depth  of  10  feet,  so  subsurface  soil  contamination  is  likely  to  occur  down¬ 
stream  of  the  contaminant  source  since  the  groundwater  is  one  of  the  probable 
migration  pathways  for  contamination.  The  borings  will  be  spaced  according  to  data 
provided  during  the  pilot  test. 
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Once  the  extent  of  migration  is  determined  along  the  pipeline  and  downgradi- 
ent  of  the  area  of  highest  contamination,  then  additional  soil  borings  will  be  drilled 
radially  from  the  pilot  vent  well  to  determine  the  extent  of  contamination  in  other 
directions.  If  the  extent  of  contamination  is  adequately  determined  without 
expending  the  drilling  budget,  then  some  additional  soil  borings  may  be  located 
around  the  POL  tank  farm  area  to  begin  characterization  and  delineation  activities 
there. 

5.3  Sampling 

Soil  samples  will  be  continuously  collected  and  lithologically  described. 
Samples  will  also  be  collected  for  chemical  analysis.  Once  the  samples  are  retrieved 
from  the  augers,  the  soil  will  be  scanned  with  a  flame  ionization  detector  (FED)  to 
check  for  contamination.  If  contamination  is  suspected,  then  some  of  the  sample 
will  be  placed  in  a  Mason  jar  and  covered  with  foil  for  a  headspace  analysis. 

A  maximum  of  two  samples  will  be  collected  from  each  boring.  One  sample 
will  be  collected  from  just  above  water  (about  10  feet  below  ground)  where  the 
highest  contamination  is  anticipated.  A  second  sample  will  be  collected  from  any 
other  zones  which  exhibit  high  contamination  based  on  the  screening  results,  but 
preferably  in  the  screened  interval  of  the  vent  wells  (5  to  10  feet  BGL).  The  soil 
samples  from  each  boring  will  be  analyzed  for  the  BTEX  and  TRPH.  It  is  antici¬ 
pated  that  on  average  one  and  one-half  samples  will  be  collected  per  boring. 

Once  the  samples  have  been  retrieved  from  the  sampling  device,  they  will  be 
immediately  placed  in  8-ounce  glass  jars  (if  brass  tube  liners  are  not  used).  If  brass 
tubes  are  used,  then  the  samples  will  be  immediately  trimmed,  and  the  ends  of  the 
brass  tubes  will  be  sealed  with  aluminum  foil  or  Teflon  fabric  held  in  place  by  plas¬ 
tic  caps. 

5.4  Chain  of  Custody 

Sample  Labels 

To  prevent  misidentification  of  samples,  labels  will  be  affixed  to  each  sample 
container.  The  labels  will  be  sufficiently  durable  to  remain  legible  even  when  wet 
and  will  contain  the  following  types  of  information: 

•  Sample  identification  number 

•  Name  of  collector 

•  Date  and  time  of  collection 

•  Place  of  collection 

•  Parameter(s)  requested  (if  space  permits). 

The  sample  labels  will  be  filled  out  with  waterproof  ink.  Clear  cellophane  tape 
will  be  placed  over  the  label  for  protection. 

Sample  Seal 

In  cases  where  samples  may  leave  the  owner-operator’s  immediate  control,  such 
as  shipment  to  a  laboratory  by  a  common  carrier  (e.g.,  air  freight),  a  seal  will  be 
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affixed  to  the  shipping  container  or  individual  sample  bottles  to  ensure  that  the 
samples  have  not  been  disturbed  during  transportation.  The  seal,  which  may  consist 
of  an  adhesive  sticker  with  the  date  and  the  sample  name  written  on  it,  will  be 
placed  on  the  shipping  container  or  bottle  in  such  a  way  that  opening  of  the 
container  or  bottle  will  cause  removal  of  or  damage  to  the  seal. 

Field  Logbook 

A  project  record  book  will  be  maintained  by  the  ES  field  leader  during  all  field 
activities  at  the  site.  All  information  (except  drill  logs  and  record  sheets  for 
respiration  and  air  permeability  tests)  pertinent  to  field  activities  (including  instru¬ 
ment  calibration  data)  will  be  recorded  daily  in  the  project-designated  field 
logbooks.  These  books  will  be  bound,  and  pages  will  be  consecutively  numbered. 
Entries  in  the  logbook  will  be  made  in  waterproof  ink,  and  each  page  will  be  signed 
and  dated.  At  a  minimum,  the  following  information  will  be  entered  in  the  field 
logbooks: 

•  Name  and  title  of  author,  date  and  time  of  entry,  and  environmental  condi¬ 
tions  during  field  activity 

•  Location  of  sampling  activity 

•  Name  and  title  of  field  crew 

•  Sample  medium  (i.e.,  soil) 

•  Sample  collection  method 

•  Number  and  volume  of  sample(s)  taken  and  sample  identification  numbers 

•  Date  and  time  of  collection 

•  Sample  distribution  (i.e.,  laboratory) 

•  Field  observations 

•  Health  and  safety  information  such  as  air  monitoring,  heat  or  cold  stress 
monitoring  data,  upgrades  or  downgrades  of  personal  protective  equipment, 
and  the  reasons  for  such  upgrades  or  downgrades. 

In  addition,  the  following  observations  about  each  sample  collected  will  be 
recorded  in  the  logbooks  as  appropriate: 

•  Sample  depth 

•  Color  and  texture 

•  Physical  description 

•  Type(s)  of  laboratory  analyses  requested 

•  Any  changes  in  sampling  locations  (also  to  be  indicated  on  annotated  maps). 

In  summary,  sufficient  information  will  be  recorded  in  the  field  logbooks  during 
field  activities  to  permit  reconstruction  of  the  sampling  event  without  reliance  on 
the  collector’s  memory. 
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If  an  error  is  made  on  an  accountable  document  assigned  to  one  individual,  the 
individual  will  make  all  corrections  simply  by  crossing  a  line  through  the  error  and 
entering  the  correct  information.  The  erroneous  information  will  not  be  obliter¬ 
ated.  Any  subsequent  error  discovered  on  an  accountable  document  should  be 
corrected  by  the  person  who  made  the  entry.  All  subsequent  corrections  must  be 
initialed  and  dated. 

Chain-of-Custody  Record 

To  establish  the  documentation  necessary  to  trace  sample  possession  from  time 
of  collection,  a  chain-of-custody  record  will  be  filled  out  and  will  accompany  every 
sample.  The  record  will  contain  the  following  types  of  information: 

•  Sample  number 

•  Signature  of  collector 

•  Date  and  time  of  collection 

•  Sample  type 

•  Identification  of  boring 

•  Number  of  containers 

•  Parameters  requested  for  analysis 

•  Signature  of  person(s)  involved  in  the  chain  of  possession 

•  Inclusive  dates  of  possession. 

6.0  BASE  SUPPORT  REQUIREMENTS 

The  following  base  support  is  needed  prior  to  the  arrival  of  the  drilling  subcon¬ 
tractor  and  the  ES  pilot  test  team: 

•  Confirmation  of  regulatory  approval  of  work  plan  before  proceeding. 

•  Assistance  in  obtaining  drilling  and  digging  permits. 

•  Confirmation  of  available  power  source,  specifically  230-volt,  30-amp,  single¬ 
phase  service  and  a  breaker  box  with  one  230-volt  receptacle  and  two 
110 -volt  receptacles.  The  breaker  box  should  be  located  as  close  as  practical 
to  the  VW  location  (Figure  3.1),  preferably  outside  the  fenced  area. 

•  Provision  of  any  paperwork  required  to  obtain  gate  passes  and  security 
badges  for  approximately  three  ES  employees,  two  drillers,  and  an  electrician 
(if  a  base  electrician  is  not  available).  Vehicle  passes  will  be  needed  for  one 
truck  and  trailer  and  a  drill  rig. 

During  the  initial  testing,  the  following  base  support  is  needed: 

•  Twelve  square  feet  of  desk  space  and  a  telephone  in  a  building  located  as 
close  to  the  site  as  practical 

•  Assistance  in  locating  area  (not  likely  to  be  affected  by  petroleum 
contamination)  for  background  soil  boring 
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•  The  use  of  the  base  wastewater  treatment  facility  or  other  discharge  for 
disposal  of  decontamination  liquids 

•  Acceptance  by  Carswell  AFB  of  responsibility  for  drill  cuttings  from  VW  and 
MP  borings,  including  any  drum  sampling  to  determine  hazardous  waste 
status.  (If  ES  is  to  transfer  custody  of  barrels  to  another  contractor  working 
on  the  base,  assistance  in  arranging  this  transfer  will  also  be  needed.) 

During  the  1-year  extended  pilot  test,  base  personnel  will  be  required  to 
perform  the  following  activities: 

•  Check  the  blower  system  once  per  week  to  ensure  that  it  is  operating  and  to 
record  the  air  injection  pressure.  ES  will  provide  a  brief  training  session  on 
this  procedure. 

•  If  the  blower  stops  working,  notify  David  Highland  or  Brian  Vanderglas  of 
ES  Austin  (512/467-6200);  or  Chris  Hobbins  of  the  Air  Force  Center  for 
Environmental  Excellence  (AFCEE)  (210/536-5261). 

•  Arrange  site  access  for  an  ES  technician  to  conduct  in  situ  respiration  tests 
approximately  6  months  and  1  year  after  the  initial  pilot  test. 

7.0  PROJECT  AND  DELIVERABLES  AND  SCHEDULE 


The  following  schedule  is  contingent  upon  approval  of  this  pilot  test  work  plan 
and  fulfillment  of  base  support  requirements. 


Event 

Date  Completed 

Draft  pilot  test  work  plan  to 
AFCEE/Carswell  AFB 

22  April  1993 

Begin  initial  pilot  test 

17  May  1993 

Analytical  report 

20  July  1993 

Scientific  test 

20  July  1993 

Technical  report 

11  August  1993 

Upon  receipt  of  laboratory  results,  ES  will  prepare  and  submit  an  analytical 
report  (referred  to  as  data  item  A003  in  the  statement  of  work)  consisting  of  the 
project  analytical  data  and  appropriate  observations  and  explanations.  A  scientific 
report  (referred  to  as  data  item  A004  in  the  statement  of  work)  will  be  submitted 
presenting  the  draft  pilot  test  report.  Upon  AFCEE  approval  of  the  scientific 
report,  ES  will  complete  the  full-scale  conceptual  design  of  the  bioventing  system 
and  will  submit  this  design,  along  with  the  final  pilot  test  report,  in  the  final 
technical  report  (referred  to  as  data  item  A005  in  the  statement  of  work). 
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POINTS  OF  CONTACT 


Capt.  Erin  Manning 
7  CES/CEV 
Carswell  Air  Force  Base 
817/782-6250 

Chris  Hobbins 
AFCEE/ESB 
Brooks  AFB,TX  78235 
210/536-5261 

David  Highland/Brian  Vanderglas 
Engineering-Science,  Inc. 

7800  Shoal  Creek  Blvd.,  Suite  222W 
Austin,  TX  78757 
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REPORT  ON  INTERIM  PILOT  TEST  RESULTS 
SITE  ST14,  FUEL  LOADING  AREA 
CARSWELL  AFB,  TEXAS 


Initial  bioventing  pilot  tests  were  completed  at  site  ST14  at  Carswell  Air  Force 
Base  (AFB),  Texas,  during  the  period  of  May  24,  1993  through  June  17,  1993.  The 
purpose  of  this  report  is  to  describe  the  results  of  the  initial  pilot  tests  at  site  STM 
and  to  make  specific  recommendations  regarding  extended  testing  to  determine  the 
long-term  impact  of  bioventing  on  onsite  contaminants.  This  test  was  performed 
concurrently  with  a  site  characterization  investigation  to  delineate  the  extent  of 
contaminated  soils  at  the  site.  Descriptions  of  the  history,  geology,  and 
contamination  at  each  site  are  contained  in  the  bioventing  pilot  test  work  plan. 

PILOT  TEST  DESIGN  AND  CONSTRUCTION 

Installation  of  an  air  injection  vent  well  (VW)  and  three  vapor  monitoring 
points  (MPs)  began  on  May  24,  1993,  and  was  completed  on  May  27,  1993.  A 
background  monitoring  point  (MPBG2)  was  constructed  on  June  15,  1993,  during 
site  characterization  studies  at  the  site.  Drilling  services  were  provided  by  Profile 
Field  Services,  Inc.,  of  Austin,  Texas.  Well  installation  and  soil  sampling  were 
directed  by  Brian  Vanderglas,  the  Engineering-Science,  Inc.  (ES),  site  manager,  and 
Marc  Harder,  the  ES  site  geologist.  The  following  sections  describe  the  final  design 
and  installation  of  the  bioventing  pilot  system  at  this  site. 

One  VW,  three  MPs  (MPA,  MPB,  and  MPC),  a  background  monitoring  point 
(MPBG2),  and  a  pilot  blower  unit  were  installed  at  the  site.  Figures  1  and  2  depict 
the  locations  of  the  VW  and  MPs.  The  locations  of  the  VW  and  MPs  were  changed 
from  those  in  the  work  plan  because  of  potential  hazards  from  nearby  underground 
utilities.  Figure  3  shows  general  hydrogeologic  cross  section  of  the  VW  and  MPs. 

AIR  INJECTION  VENT  WELL 

The  air  injection  VW  was  constructed  following  procedures  described  in  the  Air 
Force  Center  for  Environmental  Excellence  (AFCEE)  bioventing  protocol 
document  (Hinchee  et  al.,  1992).  Figure  4  shows  construction  details  for  the  VW. 
The  VW  was  installed  in  predominantly  clayey  soils  where  hydrocarbon 
contamination  was  indicated  at  all  sampling  depths.  These  soils  had  some  gravel 
with  increasing  sand  content  as  depth  in  the  borehole  increased.  Groundwater  was 
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encountered  at  approximately  11.0  feet  below  ground  surface  (bgs)  in  each 
borehole.  The  static  water  level  rose  to  8.5  feet  bgs  in  the  boreholes  during  well 
completion.  The  VW  was  constructed  using  4-inch-diameter,  schedule  40  polyvinyl 
chloride  (PVC)  casing,  with  10  feet  of  0.04-inch  slotted  PVC  screen  installed  from  5 
to  15  feet  bgs.  The  annular  space  between  the  well  casing  and  borehole  was  filled 
with  4-10  silica  sand  from  the  bottom  of  the  borehole  to  approximately  1  foot  above 
the  well  screen.  Approximately  2.8  feet  of  Vi-inch  bentonite  pellets  was  placed 
above  the  sand  and  hydrated  in  place.  After  the  in  situ  respiration  testing  was 
completed  the  well  casing  was  cut  off  approximately  12  inches  below  the  surface, 
and  the  casing  was  connected  to  a  PVC  pipe  coupler  to  reduce  the  pipe  from  4-inch 
diameter  to  2-inch  diameter.  The  coupler  is  a  tee  fitting  that  enables  the  vent  well 
to  extend  vertically  above  the  surface  in  the  event  access  to  the  cased  well  is 
required.  A  second  2-inch-diameter  pipe  extends  from  the  tee  fitting  horizontally 
beneath  the  surface  to  the  blower.  This  pipe  slopes  slightly  toward  the  vent  well  to 
allow  drainage  of  moisture  in  the  pipe  into  the  well  and  away  from  the  blower. 

Monitoring  Points 

At  Site  ST14,  the  MP  screens  were  installed  at  4.0-,  7.0-,  and  10.0-foot  depths. 
The  three  MPs  (MPA,  MPB,  and  MPC)  and  the  background  MP  (MPBG2)  were 
constructed  as  shown  in  Figure  5.  Each  MP  monitoring  interval  was  constructed 
using  approximately  a  6-inch  section  of  1-inch-diameter  PVC  well  screen  and  a  0.25- 
inch-diameter  schedule  80  PVC  riser  pipe  extending  to  near  the  ground  surface.  At 
the  top  of  each  riser,  a  ball  valves  and  a  3/16-inch  hose  bib  were  installed.  The 
screen,  PVC  riser,  and  ball  valve  were  joined  together  using  a  solvent-free  epoxy 
glue.  The  top  of  each  MP  was  completed  with  a  flush-mounted  metal  well  protector 
set  in  a  concrete  base.  Thermocouples  were  installed  at  the  4-  and  10-foot  depths  at 
MPA  to  measure  soil  temperature  variations.  The  background  MP  (MPBG2)  is 
located  near  building  1237  South  Warehouse  Road  and  15  feet  east  of  West 
Warehouse  Road,  approximately  500  feet  north-northeast  from  the  injection  vent 
well. 

Blower  Unit 

During  the  initial  pilot  test,  a  portable  3-horsepower  Roots™  22U-RAI  positive- 
displacement  blower  unit  was  used.  A  1-horsepower  Gast™  R41 10-50  regenerative 
blower  unit  was  installed  at  site  ST14  and  connected  to  the  air  injection  VW  for  the 
extended  pilot  test.  The  fixed  unit  is  energized  by  240-volt,  single-phase,  30-amp 
line  power  from  a  newly  installed  underground  power  line  and  aboveground  breaker 
attached  to  building  1213.  The  power  is  provided  by  the  base.  The  configuration, 
instrumentation,  and  specifications  for  this  blower  system  are  shown  on  Figure  6. 
The  blower  is  currently  transporting  air  at  a  flow  rate  of  approximately  15  actual 
cubic  feet  per  minute  (acfm)  for  the  extended  pilot  test.  A  portion  of  this  flow  is 
bled  off  through  the  gate  valve.  After  blower  installation  and  startup,  ES  engineers 
provided  base  personnel  with  an  operation  and  maintenance  (O&M)  manual, 
including  maintenance  instructions,  equipment  specifications,  and  monitoring  forms. 
A  copy  of  the  O&M  instructions  is  in  appendix  A. 
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PILOT  TEST  SOIL  AND  SOIL  GAS  SAMPLING  RESULTS 
Sampling  Results 

Soils  at  this  site  consist  primarily  of  highly  plastic  clays  with  some  interbedded 
gravel  and  silt  near  the  surface.  Sand  content  in  soils  generally  increase  with  depth 
at  the  site,  and  soils  are  predominantly  sands  and  gravels  at  approximately  11.5  to 
12  feet  and  below.  Groundwater  was  encountered  at  a  depth  of  approximately 
11.5  feet  bgs  in  the  VW,  but  the  static  water  level  rose  to  approximately  8.5  feet  bgs 
in  the  open  borehole.  A  thin  film  of  oily  product  was  observed  on  top  of  the  water 
table  in  all  the  boreholes  for  VW1,  MPA,  MPB,  and  MPC.  More  detailed 
hydrogeologic  information  regarding  site  ST14  can  be  found  in  the  hydrogeologic 
cross  section  (Figure  3)  and  the  geologic  boring  logs  (appendix  B). 

Contaminated  soils  were  identified  based  on  visual  appearance,  odor,  and 
results  of  total  hydrocarbons  analyzer  (Porta  FID  II,  model  PFII/7788  from 
Heathtech)  field  screening  for  volatile  organic  compounds  (VOCs).  Heavily 
contaminated  soils  were  encountered  approximately  3  to  12  feet  bgs  in  the  VW  and 
all  MP  boreholes.  Contamination  concentrations  generally  increased  with  depth. 

Soil  samples  for  laboratory  analysis  were  collected  continuously  using  split  core 
barrel  samplers.  Soil  samples  were  screened  for  VOCs  using  the  flame  ionization 
detector  (FID)  to  determine  the  presence  of  contamination  and  to  select  soil 
samples  for  laboratory  analysis.  Soil  samples  for  laboratory  analysis  were  collected 
form  MPA  and  MPB  at  depths  bgs  of  9  to  10  feet  bgs,  from  the  VW  at  depths  of  5  to 
6  feet,  and  10  to  11  feet,  from  MPC  at  depths  of  6  to  7  feet,  and  from  background 
monitoring  point  (MPBG2)  at  10  to  10.5  feet. 

Soil  gas  samples  were  collected  from  the  completed  VW  and  at  4  feet  bgs  from 
MPA,  and  at  7  feet  bgs  at  MPC.  Soil  gas  samples  were  collected  using  3-liter 
Tedlar™  bags  and  vacuum  chambers.  After  the  samples  were  collected  with  Tedlar™ 
bags,  they  were  transferred  to  1-liter  SUMMA™  canisters  and  shipped  to  the  air 
testing  laboratory,  Air  Toxics  Ltd. 

Soil  samples  were  picked  up  every  other  day  by  a  courier  representing  NDRC 
Laboratories.  NDRC  Laboratories  conducted  chemical  and  physical  analysis  on  the 
soil  samples.  One  soil  sample  from  each  boring  was  analyzed  for  total  recoverable 
petroleum  hydrocarbons  (TRPH);  benzene,  toluene,  ethyl  benzene  and  xylenes 
(BTEX);  iron;  alkalinity;  total  Kjeldahl  nitrogen  (TKN);  and  several  physical 
parameters  (see  Table  1).  In  boreholes  in  which  two  samples  were  collected  (MPC 
and  VW1),  the  sample  collected  nearest  the  surface  was  analyzed  only  for  TRPH 
and  BTEX.  Soil  gas  samples  were  shipped  via  Federal  Express™  to  Air  Toxics  Ltd. 
in  Rancho  Cordova,  California,  for  total  volatile  hydrocarbon  (TVH)  and  BTEX 
analysis.  The  results  of  all  of  these  analyses  are  in  Table  1.  Chain-of-custody  forms 
are  provided  in  appendix  C. 

Exceptions  to  Test  Protocol  Procedures 

Procedures  described  in  the  protocol  document  (Hinchee  et  al.,  1992)  were 
used  to  complete  the  pilot  test  at  site  ST14,  with  the  following  exception.  An  FID 
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Table  1 
Site  ST14 

Soil  and  Gas  Analytical  Results 
Carswell  AFB,  Texas 
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rather  than  a  GasTech®  hydrocarbon  analyzer  was  used  to  field  screen  the  soil 
samples  and  monitor  the  breathing  zone  during  drilling  and  soil  sampling  activities. 
Also,  more  than  one  sample  was  collected  from  some  borehole  since  this  pilot  test  is 
part  of  a  site  characterization  investigation  to  determine  the  extent  of  soil 
contamination  at  the  site. 

PILOT  TEST  RESULTS 
Initial  Soil  Gas  Chemistry 

Before  air  injection  began,  all  MPs  and  the  VW  were  purged,  and  initial  oxygen, 
carbon  dioxide,  and  TVH  concentrations  were  sampled  using  portable  gas  analyzers, 
as  described  in  the  technical  protocol  document  (Hinchee  et  al.,  1992).  Table  2 
summarizes  the  initial  soil  gas  chemistry  at  site  ST14.  The  results  strongly  indicate 
that  biological  fuel  degradation  has  depleted  the  oxygen  supply  in  the  vadose  zone 
soils.  Three  of  the  six  sampling  points  at  site  ST14  were  under  anaerobic  conditions, 
and  soil  gas  at  the  remaining  three  sampling  points  contained  oxygen  at  low  levels 
ranging  from  0.8  percent  to  3.8  percent.  In  contrast,  the  background  MP,  installed 
in  uncontaminated  soil  approximately  500  feet  northeast  of  the  site,  contained 
oxygen  at  levels  ranging  from  13.2  percent  (7  feet  depth)  to  20.6  percent  (4  foot 
depth).  Carbon  dioxide  was  present  at  elevated  concentrations,  ranging  from  9.8  to 
11.0  percent,  in  all  initial  soil  gas  samples  collected  at  site  ST14.  The  background 
MP  carbon  dioxide  levels  ranged  from  9.0  to  0.05  percent.  The  ambient  oxygen  and 
carbon  dioxide  levels  of  MPGB2  at  4  feet  bgs  suggest  that  short-circuiting  between 
this  interval  and  the  surface  has  occurred,  which  indicates  an  inadequate  seal 
between  the  surface  and  this  MP  depth.  High  hydrocarbon  concentrations 
measured  in  the  initial  soil  gas  testing  possibly  indicate  the  volatilization  of  fuel 
from  the  free  product  layer  into  the  pore  space  of  the  vadose  zone  soils  at  site  ST14. 

Air  Permeability 

An  air  permeability  test  was  conducted  at  site  STM  according  to  protocol 
document  procedures.  Air  was  injected  into  the  VW  for  approximately  3.5  hours  at 
a  rate  of  approximately  28  acfm  and  an  average  pressure  of  approximately  7  pounds 
per  square  inch  (psi).  The  pressure  response  at  each  MP  is  listed  in  Table  3.  The 
pressure  measured  at  all  MPs  achieved  steady-state  conditions  within  45  minutes. 
Since  more  than  10  minutes  was  required  to  achieve  steady  state  in  all  of  the 
monitoring  points,  the  dynamic  method  of  determining  soil  gas  permeability  was 
selected.  As  discussed  in  the  technical  protocol  document  (Hinchee  et  al.,  1992), 
the  dynamic  method  of  determining  soil  gas  permeability  that  is  coded  in  the 
Hyperventilate™  model  is  appropriate  for  soils  which  reach  steady  state  in  more 
than  approximately  10  minutes.  Two  depths  from  both  MPA  (10  feet  from  injection 
point,  VW1)  and  MPC  (45  feet  from  injection  point,  VW1)  were  used  to  calculate 
relative  air  permeability  of  the  soils.  No  response  was  observed  in  the  4-foot 
interval  of  MPB  (20  feet  from  injection  point,  VW1).  This  may  be  due  to  the  moist, 
highly  plastic,  and  tightly  consolidated  clayey  soils  in  which  the  monitoring  point  was 
constructed. 
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Table  2 
Site  STM 

Initial  Soil  Gas  Chemistry 
Carswell  AFB,  Texas 


MP 

Depth 

o2(%) 

co2(%) 

Field  TVH* 
(ppmv) 

Lab  TVH 
(ppmv) 

LabTRPH 

(mg/kg) 

VW 

5-8.5 

3.8 

10.1 

294,000 

23,000 

890 

A 

4 

0.8 

10.4 

546,000 

21,000 

NT** 

A 

7 

0.0 

10.8 

<200,000 

NT 

NT 

A 

10 

NSt 

NS 

NS 

NS 

2,500 

B 

4 

0.0 

11.0 

290,000 

NT 

NT 

B 

7 

NS 

NS 

NS 

NT 

NT 

B 

10 

NS 

NS 

NS 

NS 

24fl0 

C 

4 

0.0 

103 

200,000 

NT 

NT 

C 

7 

2.2 

9.8 

212,000 

28,000 

1,100 

C 

10 

NS 

NS 

NS 

NS 

1,500 

BG2 

4 

20.6 

0.05 

NT 

NT 

BG2 

7 

13.2 

9.0 

NT 

NT 

BG2 

10 

NS 

NS 

NS 

NS 

*  Estimated  value  using  dilution  method. 

**  NT  =  not  tested  at  this  location. 

t  NS  =  not  sampled  due  to  saturated  moisture  conditions  at  MP  depth  interval. 
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Table  3 
Site  STM 

Pressure  Response  During  the  Air  Permeability  Test 
Carswell  AFB,  Texas 


Elapsed 

Time  (min) 

Location: 
Depth  (ft): 

Pressure  Resnonse  in  MP  finches  of  water! 

MPA 

MPB 

MPC 

4 

7 

4 

4 

7 

0* 

-0.05** 

0.00 

-0.10 

0.20 

0.20 

0.5 

0.00 

0.85 

-030 

0.15 

030 

1.0 

0.10 

2.20 

-030 

0.15 

0.20 

2.0 

0.45 

350 

-035 

030 

0.25 

3.0 

0.75 

455 

-0.35 

0.20 

0.25 

4.0 

1.00 

6.00 

-0.40 

035 

035 

5.0 

1.40 

7.20 

-0.50 

0.80 

0.70 

6.0 

2.30 

8.40 

-030 

1.05 

1.10 

7.0 

-t 

— 

-0.50 

1.40 

135 

8.0 

2.75 

9.40 

— 

1.70 

1.70 

9.0 

~ 

— 

— 

2.10 

2.10 

10.0 

3.90 

>10.00 

-- 

2.25 

2.25 

12.0 

4.85 

11.00 

0.00 

2.65 

2.60 

22.0 

8.00 

11.70 

-0.30 

3.10 

3.05 

37.0 

9.70 

12.20 

-0.40 

330 

330 

54.0 

11.70 

12.80 

- 

-- 

- 

92.0 

12.20 

13.00 

+0.25 

3.60 

3.60 

120.0 

12.10 

13.10 

+0.25 

3.60 

3.65 

152.0 

12.10 

13.10 

+0.40 

3.60 

3.65 

*  Pressure  readings  taken  prior  to  initiating  field  test  (blower  start  up). 
**  Negative  sign  indicates  vacuum  pressure  at  MP. 
t  Denotes  no  reading  taken  at  this  time. 
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A  constant  injection  flow  rate  of  28  afcm  and  a  screened  interval  thickness  of 
3.5  feet  (5  feet  bgs  top  of  screen  to  8.5  feet  bgs  to  water  level  in  vent  well)  were  used 
to  calculate,  a  soil  gas  permeability  of  26.4  and  30.8  darcy  for  the  10-foot  radial 
distance  at  4  and  7  feet,  respectively.  The  soil  gas  permeability  for  the  45-foot  radial 
distance  at  4  and  7  feet  is  94.2  and  93.4  darcy,  respectively.  An  average  of  61.2  darcy 
was  calculated  for  this  site.  The  Hyperventilate®  cards  depicting  these  calculations 
are  in  appendix  D.  This  value  is  approximately  one  order  of  magnitude  higher  than 
would  be  expected  for  the  predominantly  clayey  soils  at  the  site;  however,  the 
presence  of  gravel  throughout  the  soil  profile  and  increasing  sand  content  with 
depth  appears  to  have  increased  the  average  permeability  at  this  site.  A  radius  of 
pressure  influence  of  at  least  45  feet  was  observed  at  all  depths.  Given  the  steady- 
state  pressure  responses  from  10  and  45  feet  from  the  vent  well,  and  assuming  a 
linear  relationship,  the  estimated  radius  of  influence  for  this  site  at  28  acfm  appears 
to  be  60  feet. 

Oxygen  Influence 

The  depth  and  radius  of  oxygen  influence  in  the  subsurface  resulting  from  air 
injection  into  the  central  VW  during  pilot  testing  is  the  primary  design  parameter 
for  full-scale  bioventing  systems.  Optimization  of  full-scale  and  multiple  VW 
systems  requires  pilot  testing  to  determine  the  volume  of  soil  that  can  be  oxygenated 
at  the  given  flow  rate  and  VW  screen  configuration. 

Table  4  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  the 
3.5-hour  air  injection  test  at  the  site,  and  the  air  injection  period  which  extended  at  a 
lower  flow  rate  (24  acfm)  for  an  additional  17  hours.  The  relatively  brief  (3.5  hours) 
air  injection  period  at  28  acfm  produced  changes  in  soil  gas  oxygen  levels  at  a 
distance  of  at  least  45  feet  from  the  central  VW  at  both  monitored  depth  intervals 
and  in  MPA  and  MPC  and  at  the  one  monitored  depth  interval  in  MPB.  Significant 
increases  in  the  oxygen  concentration  were  measured  at  each  MP  interval. 
Considering  measured  pressure  response,  which  is  an  indicator  of  long-term  oxygen 
transport,  it  is  anticipated  that  the  radius  of  influence  for  a  long-term  bioventing 
system  at  this  site  will  exceed  45  feet  at  all  depths.  Monitoring  during  the  extended 
pilot  test  at  this  site  will  better  define  the  effective  treatment  radius. 

In  Situ  Respiration  Rates 

In  situ  respiration  testing  was  performed  at  site  ST14  according  to  protocol 
document  procedures.  Air  was  injected  into  the  VW  and  MP  screens  MPA-4, 
MPA-7,  MPB-4,  MPC-4,  and  MPC-7  for  16  hours  at  a  rate  of  approximately  1  acfm 
per  screened  interval  to  deliver  oxygen  to  contaminated  soils.  At  the  end  of  the  16- 
hour  period,  air  injection  ceased,  and  changes  in  soil  gas  composition  were 
monitored  over  time.  Oxygen,  TVH,  and  carbon  dioxide  were  measured  over  a 
period  of  72  hours  following  the  air  injection  period.  The  observed  rates  of  oxygen 
utilization  were  then  used  to  estimate  the  aerobic  fuel  degradation  rates  at 
site  ST14.  Figures  7  through  11  present  the  results  of  in  situ  respiration  testing  at 
the  site,  and  Table  5  is  a  summary  of  the  observed  oxygen  utilization  rates. 
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Table  4 
SiteST14 

Influence  of  Air  Injection  at  Vent  Well 
on  Monitoring  Point  Oxygen  Levels 
Carswell  AFB,  Texas 


MP 

Distance 
from  VW  (ft) 

Depth  (ft) 

Initial  O2  (%) 

O2  (%)* 

Final  O2  (%)** 

A 

10.0 

4 

3.2 

18.0 

19.4 

A 

10.0 

7 

0.0 

17.9 

20.4 

A 

10.0 

10 

NSf 

NS 

NS 

B 

20.0 

4 

0.0 

12.3 

17.7 

B 

20.0 

7 

NS 

NS 

NS 

B 

20.0 

10 

NS 

NS 

NS 

C 

45.0 

4 

0.0 

1.3 

11.1 

C 

45.0 

7 

0.0 

2.0 

12.7 

C 

45.0 

10 

NS 

NS 

NS 

*  Duration  of  air  injection  =  3.5  hours. 

**  Duration  of  air  injection  =  3.5  hours  at  28  acfm,  and  17  hours  at  24  acfm. 
t  NS  =  not  sampled  due  to  water  levels  at  8.5  feet  bgs. 
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Table  5 
Site  ST14 

Oxygen  Utilization  Rates 
Carswell  AFB,  Texas 


MP 

O2  Loss* 

(%) 

Test 

Duration 

(min) 

O2  Utilization* 

Rate 
(%  min) 

VW 

13.5 

300 

0.045 

MPA-4 

12.0 

750 

0.016 

MPA-7 

18.0 

450 

0.040 

MPB-4 

11.25 

450 

0.025 

MPC-7 

16.0 

400 

0.040 

*  Values  based  on  linear  regression  (Figures  7  through  11). 
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An  average  2.5-percent  mixture  of  helium  in  air  was  injected  during  the  16-hour 
injection  period  into  the  screened  intervals  of  all  the  tested  MPs  and  the  VW,  and 
the  loss  of  helium  was  measured  for  72  hours  following  air  injection.  Because 
helium  is  a  conservative,  inert  gas,  the  change  in  helium  concentrations  over  time 
can  be  useful  in  determining  if  oxygen  diffusion  is  responsible  for  a  portion  of  the 
oxygen  lost  from  each  MP.  Figures  7  through  11  also  compare  oxygen  utilization 
and  helium  retention  at  each  measuring  point.  Helium  concentrations  remained 
relatively  constant  throughout  the  test,  while  oxygen  levels  steadily  dropped  to 
below  1  percent  after  air  injection  ceased.  Because  the  measured  helium  levels 
remained  relatively  constant,  and  since  all  oxygen  loss  was  observed  at  all  points, 
and  because  helium  will  diffuse  approximately  three  times  faster  than  oxygen,  the 
measured  oxygen  loss  can  be  attributed  primarily  to  bacterial  respiration  rather  than 
diffusion  of  faulty  MP  construction. 

Calculations  based  on  pilot  test  results  indicate  that,  at  site  STM,  an  estimated 
959  to  9,886  milligrams  (mg)  of  fuel  per  kilogram  (kg)  of  soil  can  be  degraded  each 
year.  This  value  was  calculated  as  described  in  the  protocol  document  (Hinchee  et 
al.,  1992)  This  value  is  the  average  of  the  fuel  consumption  rates  calculated  for 
every  point  at  which  a  respiration  test  was  conducted.  The  air-filled  porosities  as 
calculated  for  each  sampling  point  ranged  from  0.06  to  0.11  liters  of  air  per  kilogram 
of  soil.  The  point-specific  fuel  consumption  rates  were  calculated  using  observed 
oxygen  utilization  rates,  estimated  air-filled  porosities,  and  a  conservative  ratio  of 
3.5  mg  of  oxygen  consumed  for  every  1  mg  of  fuel  biodegraded.  Oxygen  loss  was 
rapid  and  linear  at  every  sampling  point  during  approximately  the  initial 
500  minutes  of  the  in  situ  respiration  test.  The  oxygen  utilization  rates  observed  at 
site  STM  ranged  from  0.016  percent  per  minute  (%/min)  to  0.045  %/min  (Table  5), 
demonstrating  that  hydrocarbon  contamination  is  spread  uniformly  through  the 
pilot  test  area. 

At  all  sampling  points,  the  oxygen  utilization  rates  appeared  to  decrease  over 
time  (Figures  7  and  11).  This  apparent  decrease  has  been  observed  at  other  fuel 
spill  sites  where  an  oxygen  source  is  in  close  proximity  to  contaminated  soils. 
Site  STM  is  unpaved,  and  initial  oxygen  levels  in  the  vent  well,  MPA-4,  and  MPC-7 
ranged  from  0.8  to  3.8  percent  (Table  2),  suggesting  the  potential  for  oxygen 
diffusion  from  the  surface.  As  oxygen  is  rapidly  consumed  by  fuel-degrading 
bacteria  in  deeper  contaminated  soils,  the  oxygen  diffusion  gradient  between  the 
contaminated  soil  and  the  atmosphere  becomes  substantial.  As  a  result,  oxygen 
begins  to  diffuse  from  the  atmosphere  into  the  contaminated  soils.  This  inward 
oxygen  diffusion  temporarily  masks  the  actual  bacterial  oxygen  uptake  rates. 
Because  fuel  biodegradation  generally  consume  oxygen  at  a  rate  that  exceeds 
diffusion,  the  oxygen  concentrations  soon  return  to  zero  in  contaminated  soils  once 
supplied  air  is  cut  off. 

Potential  Air  Emissions 

Soil  concentrations  of  BTEX  compounds  detected  were  less  than  50  mg/kg; 
however,  the  free  product  present  at  Site  ST14  will  continue  to  generate  additional 
VOCs  (Table  1).  Thus,  the  long-term  potential  for  air  emissions  from  full-scale 
bioventing  operations  at  this  site  is  moderate.  Initial  emissions  should  be  minimal 
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because  accumulated  vapors  will  move  slowly  outward  from  the  air  injection  point 
and  will  be  biodegraded  as  they  move  horizontally  through  the  soil.  The  low 
permeability  clays  near  the  surface  provide  a  cover  at  the  site  which  will  also 
encourage  horizontal  movements  and  increased  biodegradation.  During  the  air 
permeability  test,  air  was  injected  at  28  acfm.  Hydrocarbon-analyzer  air  monitoring 
of  the  breathing  zone  at  the  site  for  health  and  safety  purposes  did  not  indicate  that 
hydrocarbon  concentrations  had  increased  above  1  part  per  million  volume  (ppmv) 
during  the  test. 

RECOMMENDATIONS 

Initial  bioventing  tests  at  this  site  indicate  that  oxygen  had  been  depleted  in  the 
contaminated  soils,  and  that  air  injection  is  an  effective  method  of  stimulating 
aerobic  fuel  biodegradation.  It  is  recommended  that  air  injection  continue  at  this 
site  to  determine  the  long-term  radius  of  oxygen  influence  and  the  effect  of  time, 
available  nutrients,  and  changing  temperatures  on  fuel  biodegradation  rates. 

A  1-horsepower  regenerative  blower  has  been  installed  at  the  site  for 
continuous  air  injection.  In  December  1993,  additional  tests  at  the  site  should  be 
conducted  to  sample  and  analyze  the  soil  gas  and  conduct  a  repeat  respiration  test. 
If  a  bioventing  system  for  a  full-scale  remediation  of  the  site  has  not  been  installed 
by  June  1994,  a  final  respiration  test  should  be  conducted,  at  which  time  soil  and  soil 
gas  samples  can  be  collected  from  the  site  to  determine  the  degree  of  remediation 
achieved  during  the  first  year  of  in  situ  treatment.  It  is  important  to  note  that 
without  some  form  of  free  product  removal,  soils  will  be  subject  to  recontamination 
as  groundwater  levels  rise. 

Based  on  the  results  of  this  1-year  study,  AFCEE  will  recommend  one  of  two 
options: 

1.  Upgrade  the  pilot-scale  system,  if  necessary,  and  continue  operation  of  the 
bioventing  system  for  full-scale  remediation  of  the  site.  Evaluate  the  need 
for  integrating  bioventing  with  free  product  recovery.  AFCEE  can  assist  the 
base  in  obtaining  regulatory  approval  for  upgrading  and  continued  operation. 

2.  If  significant  difficulties  or  poor  results  are  encountered  during  bioventing  at 
this  site,  AFCEE  may  recommend  removal  of  the  blower  system  and  proper 
abandonment  of  the  vent  well  and  MPs. 
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SECTION  1 


INTRODUCTION 


This  document  has  been  prepared  by  Engineering-Science,  Inc.  to  support  the 
bioventing  initiative  contract  awarded  by  the  Air  Force  Center  for  Environmental 
Excellence.  The  contract  involves  the  conducting  of  bioventing  pilot  tests  at  35  sites 
on  23  Air  Force  bases  across  the  United  States. 

At  most  sites,  bioventing  systems  will  be  installed  upon  completion  of  the  initial 
bioventing  pilot  tests  for  the  purpose  of  extended  pilot  testing.  These  systems  will 
operate  for  a  1-year  period  to  provide  further  information  as  to  the  feasibility  of  the 
technology  at  each  site,  and  to  provide  interim  remedial  action. 

This  Operations  and  Maintenance  Manual  has  been  created  for  sites  at  which 
regenerative  or  rotary-vane  blowers  have  been  installed  for  extended  pilot  testing. 
Basic  maintenance  of  these  systems  is  the  responsibility  of  the  Air  Force  facility. 
This  manual  is  to  be  used  by  facility  personnel  to  guide  and  assist  them  in  operating 
and  maintaining  the  blower  system.  Section  2  provides  a  summary  of  the  bioventing 
system  components  installed.  Section  3  of  this  document  describes  the  blower 
system.  Section  4  details  the  maintenance  requirements  and  provides  maintenance 
schedules.  Section  5  describes  the  system  monitoring  that  is  required  to  forecast 
system  maintenance  needs  and  to  provide  data  for  the  extended  pilot  test.  Blower 
performance  curves  and  relevant  service  information  for  regenerative  blowers  are 
provided  in  Appendix  A,  and  a  data  collection  sheet  is  provided  in  Appendix  B. 
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SECTION  2 


BLOWER  SYSTEM  CONFIGURATION  SUMMARY 


System  Type  (injection,  extraction):  Injection 
Blower  (regenerative,  rotary  vane):  Regenerative 
Blower  Model:  GAST®  R4110N-50 
Motor  (Hp):  1 

Inlet  Vacuum  Gauge  (range):  0  -  60"  of  H2O 

Inlet  Filter  (part  no.):  AJ  134E 

Outlet  Temperature  Gauge  (range):  0  -  250°F 

Outlet  Pressure  Gauge  (range):  0  - 100"  of  H2O 

Pressure  Relief  Valve  Set  @  (give  unit  of  measure):  52"  of  H20 
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SECTION  3 


BIOVENTING  SYSTEM  OPERATION 


3.1  PRINCIPLE  OF  OPERATION 

Bioventing  is  the  forced  injection  of  fresh  air,  or  withdrawal  of  soil  gas,  to 
enhance  the  supply  of  oxygen  for  in  situ  bioremediation.  Either  a  pressure  (air 
injection)  or  vacuum  (vapor  extraction)  blower  unit  is  used  to  inject  or  withdraw  air 
into  or  from  the  soil,  thereby  supplying  fresh  air  with  approximately  20.8  percent 
oxygen  to  the  contaminated  soils.  Once  oxygen  is  provided  to  the  subsurface, 
existing  bacteria  will  proceed  with  the  breakdown  of  fuel  residuals. 

At  Carswell  Air  Force  Base  ST14  site  an  injection  blower  system  has  been 
installed. 

3.2  SYSTEM  DESCRIPTION 

3.2.1  Blower  System 

A  regenerative  blower  (GAST®  R1140N-50)  powered  by  a  1-horsepower  direct- 
drive  motor  is  the  workhorse  of  the  bioventing  system.  This  blower  is  rated  at  a  flow 
rate  of  92  standard  cubic  feet  per  minute  (scfm)  at  a  pressure  of  51  inches  of  water ; 
however,  the  actual  performance  of  the  blower  will  vary  with  changing  site 
conditions.  As  installed,  the  blower  was  producing  an  estimated  flow  rate  of 
15  actual  cfm  at  a  pressure  of  48  inches  of  water.  The  system  includes  an  air  filter  to 
remove  any  particulates  which  are  entrained  in  the  air  stream,  and  several  valves 
and  monitoring  gauges  which  are  described  in  the  next  section.  A  schematic  of  the 
blower  system  installed  at  Carswell  Air  Force  Base  is  shown  on  the  as-built 
drawings.  Corresponding  blower  performance  curves,  and  relevant  service 
information  are  provided  in  Appendix  A. 

3.2.2  Monitoring  Gauges 

The  bioventing  system  is  equipped  with  vacuum  and  pressure  gauges,  and 
temperature  gauges.  Gauges  have  been  installed  on  the  system  at  the  following 
locations:  a  vacuum  gauge  in  the  inlet  piping  and  a  pressure  gauge  in  the  outlet 
piping.  In  addition,  a  temperature  gauge  is  provided  in  the  discharge  piping.  As- 
built  drawing,  sheet  number  1  shows  the  locations  of  the  gauges  installed  on  the 
blower  system  at  this  site.  Temperature  gauges  may  be  located  at  the  inlet  and 
outlet  of  the  blower  system.  These  gauges  are  used  to  monitor  the  inlet  and  outlet 
temperature  to  determine  the  change  in  temperature  across  the  blower.  For  the 
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Carswell  AFB  system,  ambient  air  temperature  should  be  used  as  an  inlet 
temperature  gauge  is  not  provided. 
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SECTION  4 


SYSTEM  MAINTENANCE 


Although  the  motor  and  blower  are  relatively  maintenance  free,  periodic  system 
maintenance  is  required  for  proper  operation  and  long  life.  Recommended 
maintenance  procedures  and  schedules  are  described  in  detail  in  the  instruction 
manuals  included  in  Appendix  A,  and  briefly  summarized  in  this  section. 

Filter  inspection  must  be  performed  with  the  system  turned  off.  To  re-start  the 
motor,  open  the  manual  air  pressure  release  valve  to  protect  the  motor  from 
excessive  strain,  start  motor,  and  slowly  close  the  pressure  release  valve. 

4.1  Blower/Motor 

The  blower  and  motor  are  relatively  maintenance  free  and  should  not  require 
any  periodic  maintenance  during  the  1-year  extended  testing  period.  Both  blower 
and  motor  have  sealed  bearings  and  do  not  require  lubrication. 

4.2  AIR  FILTER 

To  avoid  damage  caused  by  passing  solids  through  the  blower,  an  air  filter  has 
been  installed  in-line  before  the  blower.  The  filter  element  is  paper  and  is 
accompanied  by  a  polyurethane  foam  prefilter.  The  filter  should  be  checked  weekly 
for  the  first  2  months  of  operation.  Again,  a  facility  employee  should  determine  the 
best  schedule  for  filter  replacement.  The  polyurethane  prefilters  can  be  washed 
with  lukewarm  water  and  a  mild  detergent.  Paper  filter  elements  should  never  be 
washed,  but  should  be  disposed  of  and  replaced  as  necessary.  When  the  vacuum 
drop  across  the  filter  is  above  15  inches  of  water,  a  dirty  filter  element  should  be 
suspected,  and  cleaning  or  replacement  should  be  performed. 

To  remove  the  filter,  loosen  the  three  clamps  or  the  wing  nut,  lift  the  metal  top 
off  the  air  filter,  and  lift  the  air  filter  from  the  metal  housing.  Remove  the 
polyurethane  prefilter  (if  applicable)  and  wash  before  replacing.  When  replacing 
the  filter,  be  careful  that  the  rubber  seals  remain  in  place. 

The  filter  element  is  manufactured  by  Solberg  Manufacturing,  Inc.  in  Itasca, 
Illinois.  Their  telephone  number  is  (708)  773-1363.  Additional  filters  can  also  be 
obtained  through  Engineering-Science,  Inc.  in  Denver,  Colorado.  The  ES  contacts 
are  Mr.  Brian  Blicker  and  Mr.  John  Hall  and  they  can  be  reached  at  (303)  831-8100. 
The  filter  model  number  is  F-30P-150,  and  the  number  for  the  replacement  element 
is  30P.  It  is  recommended  that  the  base  keep  at  least  one  spare  air  filter  at  the  site; 
four  spare  filters  were  supplied  with  the  blower  system. 
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4.3  MAINTENANCE  SCHEDULE 

The  following  maintenance  schedule  is  recommended  for  this  system.  During 
the  initial  months  of  operation  more  frequent  monitoring  is  recommended  to  ensure 
that  any  startup  problems  are  quickly  corrected.  A  daily  drive-by  inspection  is 
recommended  during  the  initial  2  weeks  of  operation  to  ensure  that  the  blower 
system  is  still  operating  with  no  unusual  sounds.  Data  collection  sheet  that  can  be 
used  to  record  maintenance  activities  is  included  in  Appendix  B. 


Maintenance  Item  Maintenance  Frequency 

Filter  Check  once  per  month,  wash  or  replace 

as  necessary  (see  Section  4.2). 

4.4  MAJOR  REPAIRS 

Blowers  systems  are  very  reliable  when  properly  maintained.  Occasionally,  a 
motor  or  blower  will  develop  a  serious  problem.  If  a  blower  system  fails  to  start, 
and  a  qualified  electrician  verifies  that  power  is  available  at  the  blower  or  starter, 
the  Engineering-Science,  Inc.  site  manager  Mr.  Brian  Vanderglas  should  be  called 
at  (512)  467-6200.  ES  is  responsible  for  major  repairs  during  the  first  year  of 
operation. 
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SECTION  5 


SYSTEM  MONITORING 


5.1  BLOWER  PERFORMANCE  MONITORING 

To  monitor  the  blower  performance,  vacuum,  pressure,  and  temperature  will  be 
measured.  These  data  should  be  recorded  weekly  on  a  data  collection  sheet 
(provided  in  Appendix  B).  All  measurements  should  be  taken  at  the  same  time 
while  the  system  is  running.  Because  the  system  is  loud,  hearing  protection  should 
be  worn  at  all  times. 

5.1.1  Vacuum/Pressure 

With  hearing  protection  in  place,  open  the  blower  enclosure  and  record  all 
vacuum  and  pressure  readings  directly  from  the  gauges  (in  inches  of  water).  Record 
the  measurements  on  a  data  collection  sheet  (Appendix  B). 

5.1.2  Flow  Rate 

The  flow  rate  through  the  vent  well  and  soils  can  be  calculated  when  the  inlet 
vacuum  and  outlet  pressure  of  the  blower  are  known.  This  pressure  change  across 
the  blower  (vacuum  +  pressure)  can  be  compared  to  the  performance  curves  for  the 
blower  in  Appendix  A  to  determine  the  approximate  flow  rate. 

5.1.3  Temperature 

With  hearing  protection  in  place,  open  the  blower  enclosure  and  record  the 
temperature  readings  directly  from  the  gauge  in  degrees  Fahrenheit  (  F).  Record 
the  measurement  on  a  data  collection  sheet  (provided  in  Appendix  B).  The 
temperature  change  can  be  converted  to  degrees  Celsius  (°C)  using  the  formula  °C= 
(°F  -  32)  X5/9. 

5.3  MONITORING  SCHEDULE 

The  following  monitoring  schedule  is  recommended  for  this  system.  During  the 
initial  months  of  operation,  more  frequent  monitoring  is  recommended  to  ensure 
that  any  start  up  problems  are  quickly  corrected.  Data  collection  sheets  have  been 
provided  to  assist  your  data  collection  and  are  included  in  Appendix  B. 
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Monitoring  Item 

Vacuum/Pressure 

Temperature 


Monitoring  Frequency 

Daily  during  first  week,  then  once  per  week. 
Daily  during  first  week,  then  once  per  week. 
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APPENDIX  A 

REGENERATIVE  BLOWER  INFORMATION 


Post  Office  Box  97 

Benton  Harbor,  Michigan  49023-0097 
Ph:  616/926-6171 

Fax:  616/925-8288 


Maintenance  Instructions  for  Gast 
Standard  Regenerative  Blowers 


For  original  equipment  manufacturers 
special  models,  consult  your  local  distributor 


Gast  Rebuilding  Centers 


Gast  Mfg.  Corp. 

2550  Meadowbrook  Rd. 
Benton  Harbor  Ml.  49022 
Ph:  616/926-6171 
Fax:  616/925-8285 


Gast  Mfg  Corp. 

505  Washington  Avenue 
Carisfadt,  N.  J.  07072 
Ph:  201/933-8484 
Fax:  201/933-5545 


Brenner  Fiedler.  &  Assoc. 
13824  Bentley  Place 
Cerritos.  CA.  90701 
Ph:  213/404-2721 
Fax:  213/404-7975 


Wainbee,  Limited 

215  Brunswick  Drive 

Polnte  Claire,  P.Q.  Canada  H9R  4R7 

Ph:  514/697-8810 

Fax:  514/697-3070 


Gast  Mfg.  Co.  Limited. 

Halifax  Rd,  Cressex  Estate 
High  Wycombe,  Bucks  HP12  3SN 
Ph.  44  494  523571 
Fax:  44  494  436588 


Wainbee,  Limited 
121  City  View  Drive 
Toronto,  Onf.  Canada  M9W  5A9 
Ph:  416/243-1900 
Fax:  416/243-2336 

Japan  Machinery  Co.  Ltd. 
Central  PO  Box  1451 
Tokyo  100-91  Japan 
Ph:  813/3573-5421 

Fax:  813/3571-7865 
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designed  to  supply  up  to 
420  dm  [714m  3/hr], 

7  in  Hg/224  mbar  [90"  Ha0)  or  — 
4  psi/249  mbar  [100"  H20] 

The  Gast  reputation  for  quality  and  customer  sat¬ 
isfaction  is  renowned  throughout  the  world.  Since 
1921  we  have  been  supplying  air  moving  prod¬ 
ucts  that  have  set  the  industry  standard  of  excel¬ 
lence.  Our  regenerative  blowers  for  soil  vapor 
extraction  are  no  exception.  Designed  to  extract 
vapors  from  contaminated  soils,  these  models  are 
used  in  conjunction  with  site-supplied  special  fil¬ 
ters  which  dean  the  contaminants  before  venting 
them  to  the  atmosphere.  Since  this  process  can 
take  months  or  even  years,  Gast  environmental 
blowers  are  a  perfect  solution;  the  only  wearing 
part  is  the  bearing,  which  is  rated  for  up  to 
25,000  hours  of  service.  Also,  each  of  our  motor- 
mounted  models  comes  with  a  Class  1  Group  D 
explosion-proof  motor  as  a  standard  feature. 
Combining  this  quality  with  the  strongest  warranty 
in  the  business  and  a  vast  national  and  interna¬ 
tional  distribution  network  providing  product  and 
technical  support,  we  think  youH  find  our  special 
Gast  Regenair*  blowers  to  be  the  right  choice  for 
your  soil  vapor  extraction  needs. 

MODEL  R4  SERIES 

48*  HjO  MAX.VAC,51"  H*0  MAX  PRESSURE 
92  CFM  OPEN  FLOW 

MODEL  R5  SERIES 

60*  11*0  MAX  VAC-,  65*  H*0  MAX  PRESSURE 
160  CFM  OPEN  FLOW 

MODEL  RB  SERIES 

70*  HjO  MAX  VAC,  75*^0  MAX  PRESSURE 
215  CFM  OPEN  FLOW 

MODEL  RBP  SERIES 

85*  HjO  MAX  VAC,  100*  R,Q  MAX  PRESSURE 
280  CFM  OPEN  FLOW 

MODEL  R7  SERIES 

90*  HP  MAX  VAC,  90*  H*0  MAX  PRESSURE 
420  CFM  OPEN  FLOW 


PRODUCT  FEATURES 

•  Exptostotvproof  motors  UL  (class  1,  group  0) 

•  Sealed  air  stream 

•  Rugged  construction 

•  Low  maintenance 


Product  Dimensions 


Metric  [mm]  U.S.  imperial  (inches) 


Model 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

JL-i 

— ►  R4110N5G 

157 

43 

389 

95 

72 

316 

313 

50 

101 

225 

227 

254 

293 

175  I 

6.18 

168 

15.30 

3.75 

2.85 

12.44 

12.31 

198 

3.96 

8.86 

8.93 

10.00 

11.73 

628  ! 

R431OP-50 


225  227 


293  175  11 


6.18 

168 

14.03  3.75 

2.84  12.44  12.31 

198 

336 

8.86 

8.93 

10.00  11.73  688 

B51250-50 

178 

46 

445  114 

91  361  344 

60 

121 

260 

262 

298  350  173 

B5325R-50 


B813QQ-50 


R6P155DQ-50 


R6P355R-50 


1.82  17,50  4.50  3.58  1422  13.56  238 

46  423  114  91  361  344  60 

L82  16.66  4.50  3-53  14.22  1356  2.38 

49  511  140  98  404  389  62 


4.75  10.25 10.31  1175  13J8  681  .59 
121  260  262  298  350  183  £ 

4.75  10-25  10.31  1175  13.78  719  ft 
125  289  290  329  391  217  T3 


1.94  20.13  5.50  3.85  15.89  15.30  2.46  4.92  11.33  11.42  12iJ6 1538  836  32 


602  140  137  438  428  64 
23.7  531  5.39  17,25  16.87  230 
554  140  137  438  428  64 


290  325  463  257  ■ 
11.42  12.80 1821 10-12  Ml 
290  325  463  257  13 


9.77 

3.15 

21.80  5.51 

539  1725  16.87 

2J50 

580 

-  11.42  12J10  1821 10.12 

H7IOOR-5Q 

274 

92 

577  216 

212  545  457 

100 

200 

-  375  410  509  257 

_ 10-79  3.64  2272  830  8-33  21.46  18.00  3.94 

Htrfica:  Specifications  subject  to  change  without  notice. 

R4  Series 
R5  Series 
RS  Series 


-  14.76  16.14  20.0210.12  36 


2-  pipe  (2)  (fie) 

1  1/2-  PIPE  (2) 
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RBP  Series 
R7  Series 


lifting  eyebolt 


zr  PIPE  (2)  (RGP) 
1 1/r  PIPE  (2)  (R7)" 


_W  D1A.  THRU  (-)  (ReP) 
.56  DtAw  THRU  [4)  (h7) 
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More  models  may  be  available  -  please  consult  factory 
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Product  Specifications 


B4110K-50 


R4310P-50 


-50 


B532JR5D 


H6PI55M0 


B6P355R-50 


B7100R-50 


Muter  Specs 

110/220-240-60-1* 

115/200-23060-1' 


220/380503* 

200230/460603* 


115/230601 


190220/380415603 


220240501 
230601 


190220/380415503 

208230/460603 


190220/380415503 

208230/460603 


143-11/7.4555 

2018/9 


20018.9/10.465 
26.524/12 


FOB  Load  HP  HPM  Mac  Vac  Max  Pressure  Max  Row  NetWt 

Amps  “HjO  miar  "H^O  mhar  c&S  Dfb 

92/52*4.6  06  2850  35  87  38  95  74  126~ 

11.4/62-5.6  1.0  3450  48  120  51  127  52  156 


32/1.6  0.6  2850 

3.4*33/1.65  1.0  3450 


25  2. 


504.4/25-2.6  15  2850 

605.6/2.8  2.0  3450 


220-240-50-1 

14.7-13.5 

2.5 

2850 

730-G0-1 

16.3 

3.0 

3450 

215 

365 

235 

399 

280 

476 

232 

394 

280 

476 

350 

535 

lbs.  kg 


Models  have  automatic  reset  Ihermal  protection. 
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Chart 
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STOCK  MODELS 


Part  Name 

R1 

R2 

R3 

R4 

R5 

R6 

R6P 

R6PP/R6PS 

R7 

#1  Cover 


AJ101A  I  AJ101B 


AJ101C 


AJ101D 


AJ101EQ 


21AJ101KA  AJ101G 


#8  Muffler  Box _ 

#9  Serin 


#10A  Foam 


#10B  Foam _ 

#11  Muffler  Extension/ 


MOTOR  CHART 


REGENAIR 


MOTOR  SPECIFICATIONS 


MODEL 

MOTOR 

60  HZ 

50  HZ 

NUMBER 

NUMBER 

VOLTS 

VOLTS 

>  "  R1T02 

..1T5/2G8*23d" 

R1102C 

J112X 

115 

.  R2JD3  IWWMi 

j  15/203-230 

®iii$2ii§i 

R2105 

J411X 

115/203-230 

110/220 

&smoM6m 

R2303F 

J313 

203-230 

220 

I- 

mmmsm 

illlpiiii 

R3305 A- 1  /R3305A- 1 3  J410 

208-230/460 

220/380-415 

R41  )0-2* 

ItlfllWilli 

15/208-230- 

itoliiiiiii 

.  .R4310A-2 

J610 

208-230/460 

220/380:415 

I  R5125-j^*»« 

limit**! 

lliliiilal 

R5325A-2 

J810X 

208-230/460 

IEo/3^415  ^ 

J810X 

M8-230/46O 

"220/380-415" 

R6335A-2  jPHMI 

iili*ii! 

ItSoPloliiSg 

R6150J-2 

J1013 

230' 

: " : "  R^356^|2I^PI® 

. R6P335A . 

*a:0l«l*2CMi23g/4«i 

. J910X . "  208-230/460 

226/380-415 

K?  MsSllflMlI 

1-208^30/4601 

R6P355A 

JinbA 

208-230/460 

220/380-415 

'  R7lTO2i|*||l 

J1210B 1 

i:?:2d8r230/460l 

"220/380-41 

R6PP/R6PS3110M 

jbiioo 

208-230/460 

226/386-415 

PHASE 


•  No  lubrication  needed  at  start  up.  1 

Bearings  lubricated  at  factory. 

*  Motor  Is  equipped  with  alemite  fitting.  I 

Clean  tip  of  fitting  and  apply  grease  gun.  1 

Use  1  to  2  strokes  of  high  quality  ball 
bearing  grease.  J 

Consistency  Type 

Medium  yttrium 

Typical  J 

Grease  1 

Shell  Dolium  R  1 

Hoars  of  sendee 
per  year 

Suggested  Relate  J 
Interval  9 

5000 

3  years  ! 

Continual  iskxrTxiAppRcation 

1  year  | 

Seasonal  service  motor 

Idle  for  6  months  or  more 

Continuous-high  ambients, 
dirty  or  moist  applications. 

1  year  beginning  1 
of  season 

6  months  J 

W  I  i im  I  bvn  uz-virk  •»*/ 


Regenalr 

Model 

Number 


All  performance  figures  relate  to  stock  models.  A  few  high 
pressure  units  may  be  available.  Consult  your  local  distributor. _ _ 

PRESSURE  ~  Maximum' 

Pressure 

0“H2O  20"H2O  40"H2O  60"H2O  80“H2O  1Q0"H2O  “H2QI> 


mmmM 


R6350A-2 


R6P350A 


R7100A-2 


R6PS311QM 


Regenalr 

Model 

Number  O'HoO 


VACUUM 

20"H2O  40"H2O  60“H2O 


80"H2O 


Maximum 

Vacuum 

"H20* 


R3105-12 


mmmm. 


R6125-2 


mmsm® 


R6335A-2 


R6P355A 


mmm 


R6PP3110M 


This  number  indicates  the  maximum  static  pressure  differential  recommended  (with  cooling  air  still 
flowing  through  unit).  In  general,  units  Ihp  or  less  can  be  dead  headed.  Check  with  local  representative 
or  distributor  to  verify  which  models  apply. 

Operation  of  the  blower  above  the  recommended  maximum  duty  will  cause  premature  failure  due  to 
the  build  up  of  heat  damaging  the  components. 

Performance  data  was  determined  under  the  following  conditions: 

1)  Unit  In  a  temperature  stable  condition. 

2)  Test  conditions:  Net  air  density  at  0.075lb$.  per  cubic  foot.  C20°C{68°F}.  29.92  In.  Hg{14.7PSlA)>. 

3)  Normal  performance  variations  on  the  resistance  curve  within  +/-  10%  of  supplied  data  can  be 
expected. 

4)  Specifications  subject  to  change  without  notice. 

5)  All  performance  at  60Hz  operation. 


70-6100 
F2-205/8/92 
AK811  Rev.  E 


Post  Office  Box  97 
Benton  Harbor,  ML  49023-0097 
Ph:  616/926-6171 
Fax:  616/925-8288 


INSTALLATION 
AND  OPERATING 
INSTRUCTIONS 
FOR  GAST 
HAZARDOUS 
DUTY  REGENAIR 
BLOWERS 


l^hisainstructionaappliestoSthe'-following 
#rn6aels'lDNLYiSR3l05N^03R4n0NT50,f 
SR4310l^50^R4P,115N:r50JSR5125Q-50,> 
^?5325R-5b,@R6i30Q-50,|R6P155Q-S0, 
s&6350R'S0,«6P355R-S0«na  R7100R-50.  ft 


4* 


Gast  Authorized  Service  Facilities  are  Located  In  the  locations  listed  below 


Cart  Manufacturing  Corporation 
505  Washington  Avenue 
Carirtodt,  N.  J.  07072 
Ph:  201/943-5454 
Fax:  201/933-5545 


Cart  Manufacturing  Corporation 
2550  Meadowbrook  Rood 
Benton  Harbor,  MI.  49022 
Ph:  616/926-5171 
Fax:  616/925-5285 


Brenner  Fiedler  &  Associates 
13824  Bentley  Place 
Cerritos.  CA.  90701 
Ph:  213/404-2721 
Ph:  800/843-5558 
Fax:  213/404-7975 


Walnbee  Limited 
215  Brunswick  Btvd. 
PoJnte  Claire,  Quebec 
Canada  H9R  4R7 
Ph:  514/697-8810 
Fax:  514/-697-3070 


Walnbee  Limited 
5789  Coopers  Ave. 
Mississauga,  Ontario 
Canada  L4Z  3S6 
Ph:  416/243-1900 
Fax:  416/243-2336 


Japan  Machinery 
Central  PO  Box  1451 
Toyko  100-91,  Japan 
Ph:  813  3573-5421 
Fax:  813  3571-7896 


Cart  Manufacturing  Co.  Ltd. 
Halifax  Road,  Cressex  Estate 
High  Wycombe,  Bucks  HP12 
England 

Ph:  44  494  523571 
Fax:  44  494  436588 


Safety 

A  This  is  the  safety  alert  symbol.  When  you  see  this  symbol,  personal  injury  is  possible.  The  degree  of  injury  is  shown  by  the  following 

t  signal  words: 

DANGER:  Severe  injury  or  death  will  occur  if  hazard  is  ignored. 

WARNING:  Severe  injury  or  death  can  occur  if  hazard  is  ignored. 

CAUTION:  Minor  injury  or  property  damage  can  occur  of  hazard  is  ignored. 

Review  the  following  information  carefully  before  operating. 

General  Information 

A  DANGER:  Do  not  pump  flammable  or  explosive  gases  or  operate  in  an  atmosphere  containing  them.  Ambient  temperature 
for  normal  operation  should  not  exceed  40  degrees  C  (105  degrees  F).  For  higher  ambient  operation,  consult  the  factory. 
Blower  performance  is  reduced  by  the  lower  atmospheric  pressure  of  high  altitudes.  If  it  applies  to  this  unit,  consult  a  Gast 
distributor  or  the  factory  for  details. 

A  Installation 

A  WARNING:  Electric  Shock  can  result  from  bad  wiring.  Wiring  must  conform  to  all  required  safety  codes  and  be  installed  by  a 
qualified  person. 

Grounding  is  required. 

The  Gast  Regenair  blower  can  be  installed  in  any  position.  The  flow  of  cooling  air  over  the  blower  and  motor  must  not  be 
blocked. 

PLUMBING  -  The  threaded  pipe  ports  are  designed  as  connection  ports  only  and  will  not  support  the  plumbing.  Be  sure  to  use 
the  same  or  larger  size  pipe  and  fittings  to  prevent  air  flow  restriction  and  over-heating  of  the  bb wer.  When  installing  plumbing, 
be  sure  to  use  a  small  amount  of  pipe  thread  lubricant.  This  protectsthe  threads  in  thealuminum  blower  housing.  Dirt  andchips, 
often  found  in  new  plumbing,  stould  not  be  albwed  to  enter  the  blower. 

NOISE  -  To  reduce  noise  and  vibration,  the  unit  should  be  mounted  on  a  solid  surface  that  will  not  increase  sound.  The  use  of 
shock  mounts  or  vibration  isolation  material  is  recommended.  If  needed,  inlet  or  discharge  noise  can  be  reduced  by  attaching 
muffler  assemblies  (see  accessories). 

ROTATION  -  The  Gast  Regenair  blower  should  only  rotate  cbckwise  as  viewed  from  the  electric  motor  side.  This  is  marked  with 
an  arrow  in  the  casting.  Proper  rotation  can  be  confirmed  by  checking  air  flow  at  the  IN  and  OUT  ports.  On  blowers  powered 
by  a  three  phase  motor,  rotation  is  reversed  by  changing  any  two  of  the  three  power  wires. 

Operation 

A  WARNING:  Solid  or  liquid  material  exiting  the  blower  or  piping  can  cause  eye  damage  or  skin  cuts.  Keep  away  from  air  stream. 
/K  CAUTION:  Attach  bbwer  to  solid  surface  before  starting.  Prevent  injury  or  damage  from  unit  movement. 

Air  containing  solid  particles  or  liquid  must  pass  through  a  filter  before  entering  the  bbwer  (see  accessories  list  for  filter 
suggestions).  Blowers  must  have  mufflers,  filters,  other  accessories  and  all  piping  attached  before  starting.  Any  foreign  material 
.  passing  through  the  bbwer  may  cause  internal  damage. 

A  CAUTION:  Outlet  piping  can  bum  skin.  Guard  or  limit  access. 

Mark  'CAUTION  Hot  surface.  Can  cause  burns.' 

Air  temperature  increases  when  passing  through  the  bbwer.  When  run  at  duties  above  50  in.  H2O,  metal  pipe  may  be  required 
for  hot  exhaust  air. 

The  bbwer  must  not  be  operated  above  the  limits  for  continuous  duty.  ‘Standard’  R1 ,  R2,  R3  and  R4  can  operate  continuously 
with  not  air  flowing  through  the  bbwer.  Other  units  can  only  be  run  at  the  rating  shown  on  the  model  number  tabet.  Do  not 
cbse  off  inlet  (for  vacuum)  or  exhaust  (for  pressure)  to  reduce  extra  air  flow.  This  could  cause  added  heat  and  motor  bad. 
ACCESSORIES  -  Gast  pressure  gauges  AJ496  or  AE133  and  vacuum  gauges  AJ497  or  AE134  show  bbwer  duty.  The  Gast 
pressure/vacuum  relief  valve,  AG258,  will  limit  the  operating  duty  by  admitting  or  relieving  air.  It  also  allows  full  flow  through 
the  bbwer  when  the  relief  valve  closes. 

Servicing 

/K  WARNING:  Disconnect  electric  power  before  servicing.  Be  sure  rotating  parts  have  stopped.  Electric  shock  or  severe  cuts  can 
result.  Inlet  and  exhaust  filters  need  occasional  cleaning  or  reptacement  of  the  elements.  Failure  to  do  so  will  result  in  more 
pressure  drop,  reduced  air  flow  and  hotter  operation.  The  outside  of  the  unit  requires  cleaning  of  dust  and  dirt.  The  inside  of 
the  bbwer  also  may  need  cleaning  to  remove  material  coating  the  impeller  and  housing.  If  not  done,  the  buildup  can  cause 
vibration,  hotter  operation  and  reduced  flow.  Nobe  absorbing  foam  in  the  mufflers  may  need  replacement. 

KEEP  THIS  INFORMATION  WITH  THE  BLOWER.  REFER  TO  IT  FOR  SAFE  INSTALLATION,  OPERATION  OR  SERVICE. 


^Abnormal  sounds 
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check  fuse,  capacity.;;: 
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OPERATING  AND  MAINTENANCE  INSTRUCTIONS 


SAFETY 

rhis  is  the  safety  alert  symbol.  When  you  see  this  symbol 
personal  in  jury  is  possibl  e.  The  degree  of  injury  is  shown 
by  the  following  signal  words: 

J  DANGER  Severe  injury  or  death  will  occur  if  hazard  is 
ignored. 

WARNING  Severe  injury  or  death  can  occur  if  hazard  is 
:gnored. 

ti  CAUTION  Minor  injury  or  property  damage  can  occur  if 
hazard  is  ignored. 

Review  the  following  information  carefully  before  oper¬ 
ating. 

GENERAL  INFORMATION 
This  instruction  applies  to  the  following  models  ONLY: 
R3105N-50,  R4110N-50,  R4310P-50,  R4P115N-50, 
R5125Q-50,  R5325R-50,  R6130Q-50,  R6P155Q-50, 
R6350R-50,  R6P355R-50 andR7100R-50.  Theseblowers 
are  intended  for  use  in  Soil  Vapor  Extraction  Systems. 
The  blowers  are  sealed  at  the  factory  for  very  low  leakage. 
They  are  powered  with  a  U.L.  listed  electric  motor  Class 
1  Div.  1  Group  D  motors  for  Hazardous  Duty  locations. 
■Ambient  temperature  for  normal  full  load  operation 
should  not  exceed  40°  C  (105°  F).  For  higher  ambient 
operation,  contact  the  factory. 

Cast  Manufacturing  Corporation  may  offer  general  ap¬ 
plication  guidance:  however,  suitability  of  the  particular 
blower  and/or  accessories  is  ultimately  the  responsibil¬ 
ity  of  the  user,  not  the  manufacturer  of  the  blower. 

INSTALLATION 

h  DANGER  Models  R5325R-50,  R6130Q-50,  R6350R-50, 
R5125Q-50,  R6P1S5Q-50,  R6P355R-50  AND  R7100R-5Q 
use  Pilot  Duty  Thermal  Overload  Protection.  Connect¬ 
ing  this  protection  to  the  proper  control  circuitry  is 
mandated  by  UL674  and NEC501.  Failure  to  do  so  could / 
may  result  in  a  EXPLOSION.  See  pages  3  and  4  for 
recommended  wiring  schematic  for  these  models. 

WARNING  Electric shockcanresultfrombad wiring.  A 
qualified  person  must  install  all  wiring,  conforming  to 
all  required  safety  codes.  Grounding  is  necessary. 

^  WARNING  This  blower  is  intended  for  use  on  soil  vapor 
extraction  equipment.  Any  otheruse  must  be  approved  in 
writing  by  GastManufacturing.  Corp.  Install  this  blower 
in  any  mounting  position.  Do  not  block  the  flow  of 
cooling  air  over  the  blower  and  motor. 

PLUMBING -Use  the  threaded  pipe  ports  for  connection 
only.  They  will  not  support  the  plumbing.  Be  sure  to  use 
the  same  or  larger  size  pipe  to  prevent  airflow  restriction 
ind  overheating  of  the  blower.  When  installing  fittings, 
ae  sure  to  use  pipe  thread  sealant  This  protects  the 
threads  in  the  blower  housing  and  prevents  leakage.  Dirt 
and  chips  are  often  found  in  new  plumbing.  Do  not  allow 
.hem  to  enter  the  blower. 


NOISE  -  Mount  the  unit  on  a  solid  surface  that  will  not 
increase  the  sound.  This  will  reduce  noise  and  vibration. 
We  suggest  the  use  of  shock  mounts  or  vibration  isolation 
material  for  mounting. 

ROTATION  -  The  Gast  Regenair  Blower  should  only 
rotate  clockwise  as  viewed  from  the  electric  motor  side. 
The  casting  has  an  arrow  showing  the  correct  direction. 
Confirm  the  proper  rotation  by  checking  airflowattheIN 
and  OUT  ports.  If  needed  reverse  rotation  of  three  phase 
motors  by  changing  the  position  of  any  two  of  the  power 
line  wires. 

OPERATION 

Ai  WARNING  Solid  or  liquid  material  exiting  the  blower 
or  piping  can  cause  eye  damage  or  skin  cuts.  Keep  away 
from  air  stream. 

A  WARNING  -  GastManufacturing  Corporation  zotll  not 
knowingly  specify f  design  or  build  any  blower  for  instal¬ 
lation  in  a  hazardous ,  combustible  or  explosive  location 
without  a  motor  conforming  to  the  proper  NEMA  or  U,  L. 
standards .  Blowers  with  standard  TEFC  motors  should 
never  be  utilized  for  soil  vapor  extraction  applications  or 
where  local  state  and/or  Federal  codes  specify  the  use  of 
explosion-proof  motors  (as  defined  by  the  National  Elec¬ 
tric  Code,  Articles  100,500  cl  990). 

A  CAUTION  Attach  blower  to  solid  surface  before  start¬ 
ing  to  prevent  injury  or  damage  from  unit  movement .  Air 
containing  solid  particles  or  liquid  must  pass  through  a 
filter  before  entering  the  blower.  Blowers  must  have 
filters,  other  accessories  and  all  piping  attached  before 
starting.  Any  foreign  material  passing  through  the  blower 
may  cause  internal  damage  to  the  blower. 

A  CAUTION  Outlet  piping  can  bum  skin*  Guard  or  limit 
access .  Mark  "CAUTION  Hot  Surface.  Can  CauseBums #r. 
Air  temperature  increases  when  passing  through  the 
blower.  When  run  at  duties  above  SOin.F^O  metal  pipe 
maybe  required  for  hot  exhaust  air.  The  blower  must  not 
be  operated  above  the  limits  for  continuous  duty.  Only 
models  R3105N-50,  R4110N-50  and  R4310P-50  can  be 
operated  continuously  with  no  air  flowing  through  the 
blower.  Other  units  can  only  be  run  at  the  rating  shown 
on  the  model  number  label.  Do  not  Qose  off  inlet  (for 
vacuum)  to  reduce  extra  air  flow.  This  will  cause  added 
heat  and  motor  load.  Blower  exhaust  air  in  excess  of 
230°F  indicates  operation  in  excess  of  rating  which  can 
cause  the  blower  to  fail. 

ACCESSORIES  ...Gastpressuregauge  AJ496and  vacuum 
gauges  AJ497  or  AE134  show  blower  duty.  The  Gast 
pressure/ vacuum  relief  valve,  AG258,  will  limit  the  op¬ 
erating  duty  by  admitting  or  relieving  air.  It  also  allows 
full  flow  through  the  blower  when  the  relief  valve  closes. 


SERVICING 

A\  WARNING  To  retain  their  sealed  construction  they 
should  be  serviced  by  Cast  authorized  service  centers 
ONLY.  These  models  axe  sealed  at  the  factory  for  very 
low  leakage. 

A 

WARNING  Turn  off  electric  power  before  removing 
blower  from  service .  Be  sure  rotating  parts  have  stopped. 
Electric  shock  or  severe  cuts  can  result.  Inlet  and  exhaust 
filters  attached  to  the  blower  may  need  cleaning  or  re¬ 
placement  of  the  elements.  Failure  to  do  so  will  result  in 
more  pressure  drop,  reduced  air  flow  and  hotter  opera¬ 


tion  of  the  blower.  The  outside  of  the  unit  requires  clean¬ 
ing  of  dust  and  dirt.  The  inside  of  the  blower  also  may 
need  cleaning  to  remove  foreign  material  coating  the 
impeller  and  housing.  This  should  be  done  at  a  Gast 
Authorized  Service  Center.  This  buildup  can  cause  vibra¬ 
tion,  failure  of  the  motor  to  operate  or  reduced  flow. 

KEEP  THIS  INFORMATION  WITH  THIS  BLOWER. 
REFER  TO  IT  FOR  SAFE  INSTALLATION, 
OPERATION  OR  SERVICE. 


MOTOR  WIRING  DIAGRAM  FOR  R4110N-50  &  R3105N-50 


»*  WARNING 

THS  MOTOR  tS  THERMALLY 
PROTECTED  AND  WU. 
AUTOMAT)CALLY  RESTART 
WHEN  PROTECTOR  RESETS. 
ALWAYS  DISCONNECT  POWER 
SUPPLY  BEFORE  SERVX3NG. 


MOTORS  WIRING  DIAGRAM  FOR  R4310P-50 


TO  REVERSE  ROTATION. 
NTERCHANGE  THE 
EXTERNAL  CONNECDONS 
TO  ANY  TWO  LEADS. 


©(§>© 


LNE 

LOW  VOLTAGE 


(^)(n)(9) 

LNE 

HGH  VOLTAGE 


»*»  WARNING  ' 

THIS  MOTOR  tS  THERMALLY 
PROTECTED  AND  WLL 
AUTOMATICALLY  RESTART 
WHEN  PROTECTOR  RESETS. 
ALWAYS  DISCONNECT  POWER 
SUPPLY  BEFORE  SERVIONG. 


MOTORS  WIRING  DIAGRAM  FOR 
R5325R-50,  R6350R-50.  R6P355R-50.  &  R7100R-50 


TO  REVERSE  ROTATION. 
tF’ER  CHANGE  THE 
EXTERNAL  CONNECTIONS 
TO  ANY  TWO  LEADS. 


MOTOR  WIRING  DIAGRAM  FOR  R5125Q-50  &  R4P115N-50 


- —THERMOSTAT 

- THERMOSTAT 

LOW  VOLTAGE 


- THERMOSTAT 

- THERMOSTAT 

HIGH  VOLTAGE 


•  R5125Q-S0  BLOWERS  PRODUCED  AFTER  SEPTEMBER  1992  (SER.  NO.  0992) 
DO  NOT  HAVE  MOTOR  LEADS  5*8. 


MOTOR  WIRING  DIAGRAM  FOR  R6130Q-50  &  R6P155Q-50 


T1  - - - - LNE 

CONNECT  THERMOSTAT  T< - * - UNE 

TO  MOTOR  PROTECTION 
CIRCUIT 

- - THERMOSTAT 

- THERMOSTAT 


CONNECTION  FOR  THERMOSTAT  MOTOR  PROTECTION 


TERMOSTATS  TO  BE  CONNECTED  IN  SERIES  WITH 
CONTROL  AS  SHOWN.  MOTOR  FURNISHED  WITH 
AUTOMATIC  THERMOSTATS  RATED  A  JO.  115-600V.  720VA 


AK8M  rev.  E 


REGENAIR  ACCESSORIES 


Inline  Filters  (for  vacuum) 


R1-R3  '  R4-R7 


Model 

Number 

R1*R2 

R3 

R4,  R5 
&SDR4 

R6P 

SDR5,  SDR6 
R6PP.  R6PS 

R7 

Part# 

AV460 

AV460C 

AG337 

AJ151G 

AJ151H 

Dim  A 

8.25* 

8.25* 

11.75* 

8.00* 

16.25* 

■oofia 

■  i  1  ■ 

■mi 

10.25* 

rFPT 

1  1/4'FPT 

1  1/2*MPT 

21/2*  MPT 

- 

- 

■  iii  i'\ ■ 

|  DImE 

- 

- 

2.38 

5.50 

18.50 

Replacement 
Element  AV469 

AV469 

AG340 

AJ135G 

AJ135C 

Micron 

10 

10 

25 

10 

10 

MPT  =  Male  Pipe  Thread 
FPT  =  Female  Pipe  Thread 

Mufflers 


Inlet  Filters  (for  pressure  units  only) 


Model 

Number 

R1*R2 

R3 

R4,  R5 
&SDR4 

R6.  SDR5 
SDR6,  R6P 
R6PP,  R6PS 

R7 

Part# 

AJ1268 

AJ126C 

AG338 

AJ126E 

AJ126G 

6.00* 

10.63’ 

10.63* 

10.00* 

4.62** 

7.12** 

4.81** 

4.81** 

13.12** 

DimC 

r  mpt 

1  1/4*  MPT 

1 MJiklui 

2*  FPT 

Replacement 

Element  AJ134B 

AJ134C 

AG340 

AG340 

AJ135A 

Micron 

10 

10 

25 

25 

10 

All  are  heavy  duty  for  Ngh  amounts  of  particulates. 
Inlet  filters  for  REGENAIR  blowers  are  drip-proof 
when  mounted  as  shown. 


Pressure-Vacuum  Gauge 


Pressure  Gauge.  Part  #AJ496, 2  5/8*  Diameter,  1/4* 
NPT,  060  Inches  h^O  and  0150  mbar 


Model 

Number 

R2 

R3 

R4,R5 

SDR  4* 
ASDR5* 

R6,  SDR6* 
R6P 

R6PP,  R6P$ 

R7 

Part  # 

AJ.121B 

AJ121C 

AJ121D 

AJ121F 

AJ121G 

Dim.  A 

7.46** 

7.94** 

12.75** 

17.05** 

17.44- 

Dim.  B 

2.38* 

2.62* 

3.25* 

3.63* 

4.25* 

Dim.  C 

r  npt 

1  1/4’ NPT 

1  1/2*  NPT 

2*  NPT 

2  1/2*  NPT 

*  For  Inlet  Only 
**  Approximately 


Pressure  Gauge,  Part  #AE133A.  2  5/8*  Diameter.  1  /4* 
NPT,  0200  Inches  H  2  O  and  0500  mbar 

Vacuum  Gauge.  Part  #  #AJ497. 2  5/8*  Diameter, 

1  /4*  NPT.  0-60  Inches  H  2  O  and  0150  mbar 

Vacuum  Gauge,  Part  #AE134, 2  5/8*,  Diameter,  1  /4* 
NPT.  0160  Inches  H2O  and  0400  mbar 


Fittings 


Pipe  Size 

r 

1  1/4* 

1  1/2* 

2* 

2  1/2* 

Tee 

BA415 

BA431 

BA432 

BA433 

8A434 

Common 

Elbow 

BA220 

BA244 

BA230 

BA247 

BA248 

NIddIq 

BA752 

BA809 

BA783 

BA810 

BA813 

Plastic  Male 
Pipe  Hose 
Barb 

AJ117A 

AJ117B 

hosold. 

1.25 

1.25 

- 

_ 

Metal  Male 
Pipe  Hose 

Barb 

AJ117D 

AJ1TF 

AJ117C 

AJ117G 

AJ117H 

Hosel.D. 

1.00 

1.25 

1.50 

2.50 

3.00 

Relief  Valve 

Pressure/Vacuum  Relief  Valve. 
Part  #AG258, 1  1/2*  NPT. 
Adjustable  30170  Inches  H20. 
200  CFM  maximum 

Silencer  for  Relief  Valve.  Part 
#AJ121D 


Horizontal  Swing  Type 
Check  Valve 


Model 

Number 

R1,  R2 

R3 

R4.R5 

SDR  4 
ASDR5 

R6.SDR6 

R6P 

R6PP,  R6PS 

R7 

Port# 

AH3268 

Dim.  A 

3.57 

4.19 

4.50 

Dim.  B 

2.32 

2.69 

2.94 

3.82 

5.07 

Dim.  C 

1*  NPT 

1  1/4*  NPT 

1  1/2*  NPT 

2*  NPT 

2  1/2*  NPT 

APPENDIX  B 

DATA  COLLECTION  SHEET 


Blower  Injection  System  Data  Collection  Sheet 
ST14  Site,  Carswell  AFB 


Gauge  is  located  between  the  air  filter  and  the  blower. 

Same  as  ambient  temperature. 

Gauge  is  located  on  the  outlet  piping  between  the  blower  and  the  vent  well. 
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Geologic  Boring  Logs 
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VEIL  OR  BORING  NUMBER  j M-  L  $3. _ 

LOCATION  P6U  Fu-el 

G.L  ELEVATION _ LOGGER  fefcV. 

RIG  OPERATOR  _ 
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GROUNDWATER  LEVEL  FIRST  ENCOUNTERED  _  ANO  FINAL  - 
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OEPTH  SAMPLING  GRAPHIC 

IN  INTERVAL  LOG 

FEET 


LITHOLOGIC  AMD 
CHARACTERISTIC 
DESCRIPTION 


REMARKS 

ID.  NO.  Of  j  RECOVERY  lm 
SAMPLE  /  (feed  /  READINC 

TAKEN  /  1  J  /  (PPM) 
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vg,/2 


0-t'h- 
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Chain-of-Custody  Forms 
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Appendix  D 

Hyperventilate®  Air  Permeability 
Calculation  Cards 


Hyperventilate©  1991 


DATA  FROM  7  FOOT  DEPTH  INTERVAL 


Air  Permeability  Test  -  Data  Analysis  (cont) 


Enter  radial  _ 

©  distances  of 

monitoring  points 

__  Enter  measured  — 

(2)  times  and  gauge 
vacuums 

(3)  Enter  (optional): 

a)  flowrate 

28  |  (SCFM 

b)  screened  interval 
thickness 

I  3.5  |  (ft) 

f  —  >Calculate<—  1  1 


(min)  (in  H20) 


0 

0.00  O 

.5 

.85 

1 

2.20  II 

2 

3.50  HI 

3 

4.55  U| 

4 

6.00  HI 

5 

7.20  || 

6 

8.40  HI 

8 

9.40  HI 

12 

11.00 

fc=  30.8204  darcy  (A) 
fc=  13.7283  darcy  (B) 


(min) 


5  l(ft) 

(in  H2Q) 

0.20  K> 
.20  _ 
.20  |i| 

.25  jj| 
.35  || 
.70  HI 

1.10  U 

1.35  ||j 
1.70  || 

2.10  <> 


k=  93.3873  darcy  (A)  k= 
fc=  186.9432  1  darcy  (B) 


r=  I _ m 

(min)  (in  H20) 


darcy  (A) 
darcy  (B) 


IIIIIKIIIII 


Explanation  &  Statistics!  AP8 


:|||§  ‘  |  HI! 


Air  Permeability  Test  -  Data  Analysis  (cont) 


Enter  radial  _ 

©  distances  of 

monitoring  points 

Enter  measured  — 

(2)  times  and  gauge 
vacuums 

(3)  Enter  (optional): 

a)  flowrate 

|  28  |  (SCFM 

b)  screened  interval 
thickness 

1  3.5  |  (ft) 

f  ~>Calculate<-  ) 


(in  H20) 


8 

9.40  <> 

12 

11.00  ||i 

22 

11.70  II 

37 

12.20  ... 

54 

12.80  HI 

92 

13.00  |U 

120 

13.10  HI 

152 

13.10  jij 

<> 

k=  30.8204  darcy  (A) 
k=  13.7283  1  darcy  (B) 


(in  H20) 


9 

2.10  < 

10 

2.25  § 

12 

2.60  ! 

22 

3.05  ^ 

37 

3.50  | 

92 

3.60  | 

120 

3.65  1 

152 

3.65  | 

3 

r=  1 _ 1  (ft) 

(min)  (in  H20) 


fc=  193.3873  darcy  (A) 
k=  86.9432  darcy  (B)  ks= 


darcy  (A) 
darcy  (B) 


Explanation  &  S  tatistics  J|  AP8 


Hyperventilate©  1991 


DATA  FROM  4  FOOT  DEPTH  INTERVAL 


Air  Permeability  Test  -  Data  Analysis  (cont) 


Enter  radial  _ 

©  distances  of 

monitoring  points 

Enter  measured  _h 

(2)  times  and  gauge 
vacuums 

(3)  Enter  (optional): 

a)  flowrate 

28  |  (SCFM 

b)  screened  interval 
thickness 

3.5  |  (ft) 

f  ~>Calculate<~  )  1 


(min)  (in  H20) 


0 

.05 

.5 

.00 

1 

.10 

2 

.45 

3 

.75 

4 

1.00 

5 

1.40 

6 

2.30 

8 

2.75 

10 

3.90 

k=  26.4048  daicy  (A) 
fe=  2.35569  daicy  (B) 


(in  H20) 


0 

20 

.5 

.15 

1 

.15 

2 

30 

4 

.55 

5 

.80 

6 

1.05 

7 

1.40 

8 

1.70 

9 

2.10  : 

r=l _ I  (ft) 

(min)  (in  H20) 


k=  94.2263  daicy  (A)  fc= 
fc=  90.7041  daicy  (B)  k= 


daicy  (A) 
daicy  (B) 


Explanation  &  Statistics  1  AP8 


Air  Permeability  Test  -  Data  Analysis  (cont) 


Enter  radial  _ 

©  distances  of 

monitoring  points 

Enter  measured  — 

(2)  times  and  gauge 
vacuums 

(3)  Enter  (optional): 

a)  flowrate 

28  1  (SCFM 

b)  screened  interval 
thickness 

3.5  j  (ft) 

f  ~>Calcula.te<~  )  1 


(min) 

(in  H20) 

8 

2.75  O 

10 

3.90  HI] 

12 

4.85  II 

22 

8.00 

37 

9.70  Ijl 

54 

H.70  11 

92 

i2.20  II 

120 

1210  III 

152 

12.  i0  || 
<> 

fc=  26.4048  darcy  (A) 
fc=  2.35569  daicy  (B) 


(in  H20) 


8 

1.70  < 

9 

2.10  j 

10 

2.25  II 

12 

2.65  ‘ 

22 

3.10  | 

37 

3.50  ) 

92 

3.60  | 

120 

3.60  | 

152 

3.60  | 

mill 


r=  1 _ I  (ft) 

(min)  (in  H20) 


k=  94.2263  daicy  (A)  k= 
fc=  90.7041  daicy  (B)  k= 


daicy  (A) 
daicy  (B) 


Explanation  <fe Statistics  Ji  AP8 
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Bioventing  Pilot  Test 
Laboratory  Results 
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BIOVENTING  PILOT  TEST  LABORATORY  RESULTS 

SITE  ST14,  FUEL  LOADING  AREA 
CARSWELL  AFB,  TEXAS 


Initial  bioventing  tests  were  completed  at  site  ST14  at  Carswell  Air  Force  Base 
(AFB),  Texas,  during  the  period  May  24,  1993  through  June  17,  1993,  followed  by 
soil  sampling  to  delineate  the  extent  of  contamination  of  soils  at  the  site.  The 
purpose  of  this  report  is  to  present  the  analytical  results  for  samples  collected  during 
these  activities  and  to  provide  comments  and  observations  related  to  the  analytical 
data  which  may  be  pertinent  to  the  investigation. 

PILOT  TEST  AND  SOILS  INVESTIGATION 

Soil  borings  were  drilled  at  twenty-seven  locations  at  the  site.  In  addition  to  soil 
borings  for  sampling  only,  these  borings  included  the  vent  well  and  monitoring 
points  for  the  pilot  test,  and  locations  of  vent  wells  constructed  for  the  full  scale 
bioventing  system.  The  location  and  types  of  borings  are  presented  in  Figure  1 
along  with  the  location  of  existing  monitoring  wells. 

One  or  two  samples  were  collected  from  each  boring,  for  a  total  of  thirty-two 
soil  samples  plus  two  field  duplicates.  The  results  of  sample  analyses  are 
summarized  in  Table  1  and  Table  2.  The  laboratory  reports  are  presented  in  the 
appendix.  The  sample  identifier  includes  the  depth  of  the  1  foot  interval  from  which 
the  sample  was  collected  (for  example,  SB2:7-8  is  a  sample  from  soil  boring  2  at  the 
7-  to  8-foot-depth  interval). 

REVIEW  OF  ANALYTICAL  RESULTS 

Soil  samples  were  sent  to  NDRC  Laboratories,  Inc.,  Richardson,  Texas,  for 
analysis.  The  soils  were  analyzed  for  benzene,  toluene,  ethyl  benzene,  xylene 
(BTEX,  EPA  method  5030/8020),  total  petroleum  hydrocarbons  (TPH,  EPA 
3550/418.1),  phosphorus  (EPA  3051/6010),  total  solids  (EPA  160.3),  total  Kjeldahl 
nitrogen  (TKN,  EPA  351.3),  pH  (EPA  9045),  alkalinity  (EPA  310.1),  moisture 
(ASTM  method  D2216),  and  gradation  (ASTM  D421/D422).  In  addition  to  these 
analysis,  the  laboratory  quality  control  program  included  method/prep  blanks, 
matrix  spike  and  matrix  spike  duplicate  recovery  and  relative  percent  difference, 
surrogate  recoveries,  laboratory  duplicates,  and  laboratory  spike  recoveries. 
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Table  1.  Analytical  Results:  Site  ST14 
Carswell  AFB,  Texas 


VW6: 

9-10 

950 

310 

980 

1,800 

4,040 

3,800 

VW15 

11-12 

<1,000 

10,000 

3,400 

14,000 

27,400 

3,600 

VW5: 

10-11 

<10 

440 

<10 

1,200 

1,640 

2,600 

VW14: 

9-10 

890 

2,900 

1,500 

7,100 

12,400 

350 

VW5: 

7-8 

o  o  o  o  o  o 

H  OO  M  H  rl  f4 

Y  f<)  H  Tt  0\  Tf 

VW13: 

9-10 

<2,000 

54,000 

17,000 

52,000 

123,000 

1,400 

VW4: 

10-11 

160 

570 

1,500 

6.900 
9,130 

1.900 

VW12: 

10-11 

3,800 

2,600 

2,700 

5.900 

15,000 

2.900 

VW3: 

10-11 

1,000 

12,000 

3,600 

18,000 

34,600 

4,500 

VW10: 

10-11 

O  Q  O  O  O  O 

r-*  O  O  tH  o 

Tt  h  o)  in 

r-T  vrT  K  i-f 

VW3: 

7-8 

<2.0 

<2.0 

<2.0 

4.1 

4.1 

<10 

VW9: 

9-10 

200 

3,600 

910 

4,800 

9,510 

1,200 

VW2: 

10-11 

<200 

19,000 

5,200 

25,000 

49,200 

6,500 

H 

66  §* 

>  ° 

1,900 

3,400 

1.300 

6,100 

12,700 

2.300 

VW1: 

10-11 

270 

530 

1,400 

8,800 

11,000 

1,500 

VW8: 

10-11 

2,000 

2,600 

1,200 

5,000 

10,800 

1,900 

VW1: 

5-6 

410 

580 

790 

4,200 

5,980 

890 

VW7: 

9-10 

<1,000 

19,000 

3,600 

4,800 

27,400 

5,700 

Parameter: 

Benzene  (Mg/kg) 

Tolulene  (Mg/kg) 

Ethyl  benzene  (jUg/kg) 

Xylenes  (Mg/kg) 

BTEX  (Mg/kg) 

TRPH  (mg/kg) 

Parameter: 

Benzene  (/xkg) 

Tolulene  (/ikg) 

Ethyl  benzene  (/ikg) 

Xylenes  (/4kg) 

BTEX  (Mg/kg) 

TRPH  (mg/kg) 

1 VW8:  Dup  is  a  duplicate  of  VW8:10-11 

2  MPGB1:  Also  referred  to  as  SB1 

3  VW11:  VW11  drilled  5  feet  north  of  SB2 

4  SB4:  Dup  is  a  duplicate  of  SB4:10-11 


Table  1.  (Cont.)  Analytical  Results:  Site  Stl4 
Carswell  AFB,  Texas 


SB2: 

10-11 

53 

600 

<10 

2,000 

2,650 

5,100 

CO 

<s  °P 

P  c- 
00 

VO  00  ^  o  00  O 

S sa  v 

MPBG2: 

10 

o  o  o  o  p  c- 
c4  c4  ri  c4  c4  ^ 

V  V  V  V  V 

SB7: 

11-12 

<2.0 

<2.0 

<2.0 

<2.0 

<2.0 

<10 

3  ^ 

CQ  6 

Oh 

s 

888888 
o  o  o  co 

K  vi  oo  o\ 

VO  \y  r-t  00 

SB6: 

9-10 

OOOOO3; 

(S  CS  N  N  CS  n 

V  V  V  V  V 

MPC: 

10-11 

<200 

10,000 

2,600 

17,000 

29,600 

1,500 

SB5: 

10-11 

p  p  p  p  0  0 

M  (S  N  N  (S  7, 

V  V  V  V  V  v 

MPC: 

6-7 

<500 

2,000 

3,700 

24,000 

29,700 

1,100 

'T.  O. 

£Q  Q 

00 

<2.0 

<2.0 

<2.0 

<2.0 

<2.0 

<10 

MPB: 

9-10 

2,800 

4,100 

7,000 

26,000 

39,900 

2,500 

SB4: 

10-11 

OOOOOO 

c4  c4  e4  c4  c4  7; 

V  V  V  V  V  v 

MPA: 

9-10 

1,800 

3,700 

5,300 

36,000 

46,800 

2,500 

SB4: 

7-8 

OOOOOO 

n  oi  c4  c4  N  7 

V  V  V  V  v  v 

VW16: 

9-10 

2,800 

11,000 

6,600 

32,000 

52,400 

2,600 

SB3: 

9-10 

5.400 
15,000 

4,100 

24,000 

48,500 

1.400 

Parameter: 

Benzene  (Mg/kg) 

Tolulene  (Mg/kg) 

Ethyl  benzene  (Mg/kg) 

Xylenes  (Mg/kg) 

BTEX  (jU/kg) 

TRPH  (mg/kg) 

O  A 

Parameter: 

Benzene  (jUg/kg) 

Tolulene  (Mg/kg) 

Ethyl  benzene  (Mg/kg) 

Xylenes  (Mg/kg) 

BTEX  (M/kg) 

TRPH  (mg/kg) 

es 


1  VW8:  Dup  is  a  duplicate  of  VW8:10-11 

2  MPGB1:  Also  referred  to  as  SB1 

3  VW11:  VW11  drilled  5  feet  north  of  SB2 

4  SB4:  Dup  is  a  duplicate  of  SB4:10-11 


Table  2.  Soil  Venting  Characteristics:  ST14,  Carswell  AFB 


>  O' 


r-  © 

I  T 

>  ON 


<6  o 

l T 

>  o 


»o  oo 

£  X 
>  *'■ 


>  2 


o  - 

PQ  2 
Pu  ^ 

s 


>  2 


w*  NO 
* 

> 


-4- 


SB7: 

11-12 

^  <  <  < 

X  £  £  £ 

<  <  <  <  <  ^ 
z  z  z  z  z 

55  © 

1  T 
>  ON 

<  0.1 

55.4 

35.3 

9.3 

105 

1360 

14.0 

280 

8.6 

86.0 

V>  r* 
iH  rH 

>  3 

H  (O  Vj  H 
o  on  oo  ri 

y  ^  (O  H 

118 

1260 

13.4 

252 

9.1 

86.6 

VW14: 

9-10 

<  0.1 

4.6 

67.4 

28.0 

90.9 

490 

19.8 

350 

8.9 

80.2 

VW13: 

9-10 

<  0.1 

81.0 

14.2 

4.8 

73.5 

1350 

16.2 

140 

8.8 

83.8 

VW12: 

10-11 

<  0.1 

31.8 

51.4 

16.9 

76.9 

1310 

14.0 

280 

9.0 

86.0 

NO  2 

PQ  | 

W  ©N 

1  55  55  55 

z  Z  Z  Z  Z  £ 

VW10: 

10-11 

<  0.1 

6.8 

65.1 

28.1 

88.3 

790 

23.7 

294 

8.8 

74.8 

SB5: 

10-11 

mi 

<  <  <  <  <  *1 
ZZZZ  Z  % 

SB4: 

Dup 

im 

<  <  <  «  <  ^ 
zzzzz^ 

a  t 
w  2 

mi 

£  z  ^  £  £  £ 

SB4: 

7-8 

im 

aan 

SB3: 

9-10 

ami 

PQ  * 
w  2 

<  <  <  < 
z  s  is  * 

<  <  <  <  < 
z  Z  Z  Z  Z  £ 

<s 

PQ  * 
to  r- 

^  ^  ^  ^ 
zzzz 

<  <  <  <  < 
ZZZZZ'Z 

VW9: 

9-10 

<  0.1 

13.8 

53.7 

32.5 

98.4 

309 

21.7 

392 

8.6 

78.3 

dnp 

:8AVA 

<  0.1 

9.5 

61.4 

29.1 

97.7 

412 

21.1 

378 

8.7 

78.9 

/^s 

£ 

Samole  Number 

Parameter: 

Gradation  Report 

Gravel  and  Coarse  Sand  (  >  2.00  mm)  (%) 
Medium  and  Fine  Sand  (0,075  to  2.00  mm) 
Silt  (0.005  to  0.075  mm)  (%) 

Clay/Colloids  (  <  0.005  mm)  (%) 

Phosphorus  (mg/Kg) 

Alkalinity  (mg/Kg  CaC03) 

Moisture  (%) 

Nitrogen,  Total  Kjeld  ahl  (mg/Kg) 
pH 

Total  solids  (%) 

The  laboratory  analytical  reports  and  quality  control  reports  were  examined  for 
comparison  to  quality  assurance  criteria  described  in  the  applicable  method. 
Holding  times,  blank  contamination,  precision,  accuracy,  representativeness, 
comparability,  and  completeness  were  all  in  compliance  except  for  the  holding  time 
for  sample  VWl:5-6.  Ibis  sample  was  1  day  beyond  the  holding  time  at  the  time  of 
the  analysis  for  total  solids.  Sample  results  for  VWl:5-6  total  solids  should  be 
considered  estimated.  All  other  data  provided  by  the  laboratory  meet  the  quality 
assurance  criteria. 
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Appendix 


9306090  Eng.  Science 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  ST14-VW 
ID#:  9306090-0 1A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


Det.  Limit  Det.  Limit 


Amount 


Amount 


Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

2.1 

6.6 

Not  Detected 

Not  Detected 

Toluene 

2.1 

7.7 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

2.1 

8.9 

6.4 

27 

Total  Xylenes 

2.1 

8.9 

19 

81 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


File  Name:  6061407  Bate  of  Collection:  6/9/93 

XHL  Factor:  2100  -  Date  of  Analysis;  O/  WOO 


Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH* 

21 

130 

23000 

140000 

*TPH  referenced  to  Jet  Fuel  (MW=156) 


Container  Type:  1  Liter  SUMMA  Canister 
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9306090  Eng.  Science 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  ST14-MPA4 
ED#:  9306090-02A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PED 


1100 

Det.  Limit 
(ppmv) 

i— It 

Compound 

Det.  limit 
(uG/L) 

Amount 

(ppmv) 

Amount 

(uG/L) 

Benzene 

1.1 

3.4 

Not  Detected 

Not  Detected 

Toluene 

1.1 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

1.1 

4.7 

4.4 

19 

Total  Xylenes 

1.1 

4.7 

11 

47 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


6061408 

HIMM 


Det.  Limit 


Det.  Limit 


Date  of  Collection:  6/9/93 
Date  of  Analysis:  6/14/93 

Amount  Amount 


Compound 

(ppmv) 

(uG/L) 

(uG/L) 

TPH* 

11 

69 

21000 

130000 

*TPH  referenced  to  Jet  Fuel  (MW=156) 


Container  Type:  1  Liter  SUMMA  Canister 
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9306090  Eng.  Science 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  ST14-MPC7 
ID#:  9306090-03A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


IWBBW 

1 100 

Date  of  Collect! 
Date  of  Analyst 

■■■■ 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

1.1 

3.4 

Not  Detected 

Not  Detected 

Toluene 

1.1 

4.0 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

1.1 

4.7 

7.9 

33 

Total  Xylenes 

1.1 

4.7 

21 

89 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


FMoName:  ’  • 

DM.  Factor: 

6061409 
|  1100 

Date  of  Collection:  6/9/93  1 1 1 
Date  of  Analysis:  0/14/93 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH* 

11 

69 

28000 

170000 

*TPH  referenced  to  Jet  Fuel  (MW=156) 


Container  Type:  1  Liter  SUMMA  Canister 
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9306090  Eng.  Science 


AIR  TOXICS  LTD. 

SAMPLE  NAME:  Lab  Blank 
ID#:  9306090-04A 

EPA  METHOD  TO-3 

(Aromatic  Volatile  Organics  in  Air) 


GC/PID 


(Rhetor; 

Date  ofAuafys 

— i 

Det.  Limit 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

Benzene 

0.001 

0.003 

Not  Detected 

Not  Detected 

Toluene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Ethyl  Benzene 

0.001 

0.004 

Not  Detected 

Not  Detected 

Total  Xylenes 

0.001 

0.004 

Not  Detected 

Not  Detected 

TOTAL  PETROLEUM  HYDROCARBONS 
GC/FID 

(Quantitated  as  Jet  Fuel) 


hhsh 


6061403: 


DU.  Factor: 

1.0 

Datpof  Analyfi|l 

6/14/93  §§§§ 

. Det.  Limit . 

Det.  Limit 

Amount 

Amount 

Compound 

(ppmv) 

(uG/L) 

(ppmv) 

(uG/L) 

TPH* 

0.010 

0.062 

Not  Detected 

Not  Detected 

*TPH  referenced  to  Jet  Fuel  (MW=156) 


Container  Type:  NA 
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NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  27 -MAY- 1993  REPORT  NUMBER  :  D93- 6140-1 

REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPC  (6-7) 

AU380.01  Carswell  Bioventing 

26-MAY-1993 

EPA  8020 

VLH 

l-JUN-1993 

250 


BTEX  ANALYSIS 

TEST  REQUESTED 

OETECTION  LIMIT 

RESULTS 

Benzene 

500  /tg/Kg 

<  500  /tg/Kg 

Toluene 

500  /fg/Kg 

2000  /ig/Kg 

Ethyl  benzene 

500  /tg/Kg 

3700  /tg/Kg 

Xylenes 

500  /ig/Kg 

24000  /ig/Kg 

BTEX  (total) 

29700  Jig/Kg  # 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  /tg/Kg 

115  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


D(XjmJL  lL  QL 

David  R. Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories 


Inc. 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1 089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  27-MAY-1993  REPORT  NUMBER  :  D93-6140-2 

REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPC  (10-11) 

AU380.01  Carswell  Bioventing 
2 6 -MAY- 19 9 3 
EPA  8020 
PSS 

2-JUN-1993 

100 


BTEX  ANALYSIS 


TEST  REQUESTED 


Benzene 


Toluene 


Ethyl  benzene 


Xylenes 


BTEX  (total) 


DETECTION  LIMIT 


200  jtg/Kg 


200  jLg/Kg 


200  ti  g/Kg 


200  /(.g/Kg 


RESULTS 


200 


10000 


2600 


17000 


29600 


jig/Kg 
/ig/Kg 
v-  g/Kg 
/ig/Kg 

/ig/Kg  * 


QUALITY  CONTROL  DATA 


SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

B  romo  f l uo  robenzene ( SS ) 

50.0  M9/<g 

101  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


David  R.  Godwin, Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories ,  Inc . 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  27-MAY-1993  REPORT  NUMBER  :  D93-6140-1 

REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPC  (6-7) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 
EPA  418.1 
CDR 

5-JUN-1993 

10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

1100  mg/Kg 

David  R .  Godwin ,  Ph . D . 
Chief  Executive  Officer 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  27-MAY-1993  REPORT  NUMBER  :  D93 -6140-2 

REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc.  __ 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  MPC  (10-11) 

PROJECT  :  AU380.01  Carswell  Bioventing 
DATE  SAMPLED  :  26-MAY-1993 
ANALYSIS  METHOD  :  EPA  418.1 
ANALYZED  BY  :  CDR 
ANALYZED  ON  :  5-JUN-1993 
DILUTION  FACTOR  :  10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 


NDRC  Laboratories,  Inc. 


David  R .  Godwin ,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  27-MAY-1993  REPORT  NUMBER  :  D93-6140-2 

REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

MPC  (10-11) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

73.1  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  28-MAY- 1993  by  CCM 

Analyzed  using  EPA  6010  on  2-JUN-1993  by  KJS 

NDRC  Laboratories, 


4W  fx.  ^ 

David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

VI  \  A  member  of  Inchcape  Environmental 


// 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 


BEAUMONT 


DALLAS 


HOUSTON 


DATE  RECEIVED  :  27-MAY- 1993 


REPORT  NUMBER  :  D93-6140-2 
REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

MPC  (10-11) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 
ASTM  D421/D422 
NJK 

4- JUN-1993 


GRADATION  REPORT 
TEST  REQUESTED 


Gravel  &  Coarse  Sand  (>  2.00  mm) 
Medium  &  Fine  Sand  (0.075  to  2.00  mm) 


Silt  (0.005  to  0.075  mm) 

I  Clay/Col loids  (<  0.005  mm) 


DETECTION  LIMIT 


RESULTS 


0.1  % 


38.6  % 


49.5  % 


11.9  % 


NDRC  Laboratories,  Inc. 


(■  ^ 
David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  I  rich  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  27 -MAY- 1993  REPORT  NUMBER  :  D93- 6140-1 

REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

MPC  (6-7) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

0.01  % 

78.9  % 

Analyzed  using  EPA  160.3 

on  1  - JUN-1993  by  K0B 

Ooaj^J  t  (r&tlb**' 

David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories ,  Inc 


NDRC  Laboratories,  Inc. 

®  VI  \  A  member  of  Inchcape  Environmental 


// 


1 089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 


BEAUMONT 


DALLAS 


HOUSTON 


DATE  RECEIVED  :  2 7 -MAY- 1993 


REPORT  NUMBER  :  D93-6140-2 
REPORT  DATE  :  ll-JUN-1993 


SAMPLE  SUBMITTED  BY  :  Engineering- Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  MPC  (10-11) 

PROJECT  :  AU380.01  Carswell  Bioventing 
DATE  SAMPLED  :  26 -MAY- 1993 


I  MISCELLANEOUS  ANALYSES 

I 

| - - - 

I  TEST  REQUESTED 


!  Alkalinity 


DETECTION  LIMIT 


0.1  mg/KgCaC03 


Analyzed  using  EPA  310.1  on  27-MAY- 1993  by  BAF 


Moisture  (Oven)  j  0.01  % 

Analyzed  using  ASTM  D2216  on  27- MAY -1993  by  RJS 


Nitrogen,  Total  Kjeldahl  |  10.0  mg/Kg 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  28-MAY-1993  by  MKS 


RESULTS 


250  mg/KgCaC03 


16.3  % 


420  mg/Kg 


Analyzed  using  EPA  9045  on  28-MAY- 1993  by  JCH 


"  I - 

Total  Solids  _ | _ 

Analyzed  using  EPA  160.3  on  27-MAY-1993  by  RJS 


83.7  % 


NDRC  Laboratories,  Inc. 


ZUi  f\.  ^ 

David  R.  Godwin,  Ph . D] 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-1 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

Ventwell:  VW1  (5-6) 

AU380.01  Carswell  Bioventing 
25 -MAY- 1993 
EPA  8020 
PSS 

27-MAY- 1993 
1 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

_ 

Benzene 

2.0 

M9/K  9 

410 

A9/<9 

Toluene 

2.0 

jig/Kg 

580 

ra/Kg 

Ethyl  benzene 
i 

2.0 

A9/K9 

790 

v-  g/Kg 

\  1  11,111  "  -  J  1  - 

j  Xylenes  ! 

|  2.0 

M9/Kg 

4200 

A9/<g 

j - 1 

BTEX  (total)  i 

! 

5980, 

1 _ 

Mg/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

.  .  _ 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  /tg/Kg 

80.0  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


ZU/  /.  ^ 

,  Inc.  _ _ 

David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-2 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

Ventwell:  VW1  (10-11) 
AU380.01  Carswell  Bioventing 
25 -MAY- 1993 
EPA  8020 
PSS 

28 -MAY- 1993 
100 


BTEX  ANALYSIS  I 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

200 

Jtg/Kg 

270 

»g/Kg 

1 — — - — - 

Toluene 

200 

/tg/Kg 

530 

/tg/Kg 

Ethyl  benzene 

200 

z^g/Kg 

1400 

ftg/Kg 

Xylenes  j 

200 

ii  g/Ks 

8800 

v-  g/Kg 

BTEX  (total) 

11000 

*ig/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  A9/Kg 

117  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


d  l  /jTDzlo^  OZ- 


NDRC  Laboratories,  Inc. 


David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26 -MAY- 1993  REPORT  NUMBER  :  D93-6107-3 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPA  (9-10) 

AU380.01  Carswell  Bioventing 
2  5  - MAY - 1 9  9  3 
EPA  8020 
VLH 

1- JUN-1993 
500 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

1000 

A9/Xg 

1800 

Mg/Kg 

Toluene 

1000 

/ig/Kg 

3700 

itg/Kg 

Ethyl  benzene 

1000 

jtg/Kg 

_ 1 

5300 

/ig/Kg 

- - - — — - - 

Xylenes 

1000 

/rg/Kg 

36000 

^g/Kg 

BTEX  (total) 

_ 

46800 

ng/Kg 

# 

QUALITY  CONTROL  0ATA 

|  SURROGATE  COMPOUND 

i  .  .  _  __  . . . 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof  luorobenzene(SS)  j  50.0  /ig/Kg 

111  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


/U/  /f.  /jTfoh^  f/Z. 


Inc. 


NDRC  Laboratories 


David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26 -MAY- 1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93 -  6107-4 
8- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPB  (9-10) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 
EPA  8020 
PSS 

28 -MAY- 1993 
1000 


BTEX  ANALYSIS  ] 

.  _ _ _ _ — - 1 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

2000 

M/Kg 

2800 

ra/Kg 

Toluene 

2000 

M9/Kg 

4100 

z^g/Kg 

Ethyl  benzene 

2000 

Mg/Kg 

7000 

M/Kg 

Xylenes 

2000 

j^g/Kg 

26000 

p-  g/Kg 

BTEX  (total) 

39900 

M/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 
i - — - 

50.0  jtg/Kg 

109  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories,  Inc .  _  t _ 

David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  I  rich  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-5 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPBG1  (10-11) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 
EPA  8020 
VLH 

l-JUN-1993 

2500 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

5000  /tg/Kg 

67000  /tg/Kg 

Toluene 

5000  /tg/Kg 

<  5000  /tg/Kg 

Ethyl  benzene 

5000  /tg/Kg 

14000  /tg/Kg 

Xylenes 

i  5000  /tg/Kg 

(  _ 

7700  /tg/Kg 

BTEX  (total) 

i - 

i 

88700  M9/K9  # 

i _ _ _ — 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  /tg/Kg 

106  7. 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories , 


Inc . 


David  Godwin ,  Ph.D. 

Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-1 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

Ventwell:  VW1  (5-6) 

AU380.01  Carswell  Bioventing 
25 -MAY- 1993 
EPA  418.1 
CDR 

l-JUN-1993 

1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS  j 

|  Total  Petroleum  Hydrocarbon 
l _ j 

1 0  mg/Kg 

890  mg/Kg  1 

i 

,  Inc.  _ 

David  R .  Godwin ,  Ph.D . 

.  Chief  Executive  Officer 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-2 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

Ventwell:  VW1  (10-11) 

AU380.01  Carswell  Bioventing 

25-MAY-1993 

EPA  418.1 

CDR 

l-JUN-1993 

10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS  j 

1 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

1500  mg/Kg  j 

NDRC  Laboratories, 


Inc 


4w  i 


David  R .  Godwin ,  Ph.D . 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-3 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY  :  Engineering-Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  MPA  (9-10) 

PROJECT  :  AU380.01  Carswell  Bioventing 
DATE  SAMPLED  :  2 5 -MAY -19 9 3 
ANALYSIS  METHOD  :  EPA  418.1 
ANALYZED  BY  :  CDR 
ANALYZED  ON  :  l-JUN-1993 
DILUTION  FACTOR  :  10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 


NDRC  Laboratories,  Inc. 


4W  ^ 

David  R.  Godwin ,  Ph.D~ 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-4 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPB  (9-10) 

AU380.01  Carswell  Bioventing 
2 6 -MAY- 19 9 3 
EPA  418.1 
CDR 

1- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON  I 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

2500  mg/Kg 

NDRC  Laboratories,  Inc. 


David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-5 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPBG1  (10-11) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 
EPA  418.1 
CDR 

1- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

i  . ...  — 

100  mg/Kg 

9300  mg/Kg 

Inc 


NDRC  Laboratories 


David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-2 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

Ventweil :  VW1  (10-11) 

AU380.01  Carswell  Bioventing 

25-MAY-1993 

ASTM  D421/D422 

NJK 

4-JUN-1993 


j  GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

20.5  % 

Silt  (0.005  to  0.075  mm) 

0.1  % 

60.6  % 

1 — . — . — — - _____ - 

j  Clay/Colloids  (<  0.005  mm) 

|  0.1  % 

18.9  % 

DoamJ  (.  ^ 


NDRC  Laboratories 


David  R .  Godwin ,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 

DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-3 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY  :  Engineering-Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  MPA  (9-10) 

PROJECT  :  AU380.01  Carswell  Bioventing 
DATE  SAMPLED  :  25 -MAY- 1993 
ANALYSIS  METHOD  :  ASTM  D421/D422 
ANALYZED  BY  :  NJK 
ANALYZED  ON  :  4-JUN-1993 


OcumJ  iy.  ^ 

NDRC  Laboratories,  Inc . _ 

David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.?  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26 -MAY- 1993  REPORT  NUMBER  :  D9 3 -6107 -4 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

MPB  (9-10) 

AU380.01  Carswell  Bioventing 
26 -MAY- 1993 
ASTM  D421/D422 
NJK 

4- JUN-1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

6.0  % 

Silt  (0.005  to  0.075  mm) 

0.1  % 

1 _ _ _ - 

60.4  % 

1 - — - 

Clay/Colloids  (<  0.005  mm) 

|  0.1  % 

1 

j  35.6  % 

NDRC  Laboratories, 


Inc . 


■OcumJ  l  /jrfolu^  ^ 


David  R .  Godwin ,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-2 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

Ventwell:  VW1  (10-11) 
AU380.01  Carswell  Bioventing 
25-MAY- 1993 


TOTAL  METALS 


- — - — - 

1  TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

L - 

j  Phosphorus 

1.0  mg/Kg 

97.2  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  28-MAY- 1993  by  CCM 
Analyzed  using  EPA  6010  on  2-JUN-1993  by  KJS 


NDRC  Laboratories, 


Inc.  _ 

David  R .  Godwin ,  Ph . D . 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93 -6107-3 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

MPA  (9-10) 

AU380.01  Carswell  Bioventing 
25 -MAY- 1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

114  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  28-MAY- 1993  by  CCM 

Analyzed  using  EPA  6010  on  2-JUN-1993  by  KJS 

Inc . 


NDRC  Laboratories 


David  R .  Godwin ,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  Fact  Collins  Blvd..  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-4 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

MPB  (9-10) 

AU380.01  Carswell  Bioventing 
26-MAY- 1993 


TOTAL  METALS 


TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

96.2  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  28- MAY *-1993  by  CCM 
Analyzed  using  EPA  6010  on  2-JUN-1993  by  KJS 


NDRC  Laboratories 


Inc 


David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-1 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

Ventwell:  VW1  (5-6) 

AU3 80.01  Carswell  Bioventing 
25 -MAY- 1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

0.01  % 

81.4  % 

Analyzed  using  EPA  160.3  on  1-JUN-1993  by  KOB 

NDRC  Laboratories ,  Inc . 


David  R .  Godwin ,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY- 1993  REPORT  NUMBER  :  D93- 6107-2 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  Ventwell:  VW1  (10-11) 

PROJECT  :  AU380.01  Carswell  Bioventing 
DATE  SAMPLED  :  2 5 -MAY- 199 3 


Alkalinity  0.1  mg/KgCaC03  350  mg/KgCaC05 


Analyzed  using  EPA  310.1  on  27-MAY- 1993  by  BAF 


Moisture  (Oven)  0.01  %  15.3  % 


Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  27-MAY-1993  by  BAF 


OojiMtl  l\. 


NDRC  Laboratories ,  Inc . 


David  R.  Godwin,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26 -MAY- 1993  REPORT  NUMBER  :  D93-6107-3 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

MPA  (9-10) 

AU380.01  Carswell  Bioventing 
25 -MAY- 1993 


MISCELLANEOUS  ANALYSES  J 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS  i 

i 

!  Alkalinity 

i  i 

0.1  mg/KgCaC03 

_ _ 1 

350  mg/KgCaC03  j 

Analyzed  using  EPA  310.1  on  27-MAY- 1993  by  BAF 

Moisture  (Oven) 

. _  _ 

0.01  % 

_ _ 

25.3  % 

Analyzed  using  ASTM  D2216  on  27-MAY-1993  by  RJS  j 

|  Nitrogen,  Total  Kjetdahl 

10.0  mg/Kg 

280  mg/Kg  | 

|  Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  27-MAY- 1993  by  BAF 

1 - - - 

!  pH 

r - - — - — - - 

8.6 

1 -  | 

Analyzed  using  EPA  9045  on  27-MAY- 1993  by  MKS  j 

Total  Solids 

0.01  % 

74.7  % 

Analyzed  using  EPA  160.3  on  27-MAY- 1993  by  RJS 

l - - - - - - 

Inc 


NDRC  Laboratories 


David  R .  Godwin , Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

Jp™  V  \  A  member  of  Inchcape  Environmental 


Vv.  // 


A  member  of  lr»c±i cape  Environmental 

1089  Fagt  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  2 6 -MAY- 19 9 3 


REPORT  NUMBER  :  D93-6107-4 
REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

MPB  (9-10) 

AU380.01  Carswell  Bioventing 
26-MAY- 1993 


j  MISCELLANEOUS  ANALYSES 

j - - - — - - - - 

I  TEST  REQUESTED  DET 

Alkalinity 

Analyzed  using  EPA  310.1  on  27-MAY- 1993  by  BAF 


j  Moisture  (Oven) 

j - - - - - - 

I  Analyzed  using  ASTM  D2216  on  27-MAY- 1993  by  RJS 


DETECTION  LIMIT 

RESULTS 

0.1  mg/KgCaC03 

I — - — 

450  mg/KgCaC03 

Nitrogen,  Total  Kjeldahl 
Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  27-MAY- 1993  by  BAF 


Analyzed  using  EPA  9045  on  27-MAY -1993  by  MKS 
Total  Solids 

Analyzed  using  EPA  160.3  on  27-MAY- 1993  by  RJS 


10.0  mg/Kg 


0.01  % 


23.0  % 


224  mg/Kg 


76.9  7o 


NDRC  Laboratories ,  Inc . 


David  R .  Godwin ,  Ph . D . 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Incticape  Environmental 

1089  F?»g*  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  26-MAY-1993  REPORT  NUMBER  :  D93-6107-5 

REPORT  DATE  :  8-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

MPBG1  (10-11) 

AU380.01  Carswell  Bioventing 
26-MAY-1993 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

0.01  % 

! 

85.1  % 

Analyzed  using  ERA  160.3  on  1-JUN-1993  by  KOB 


Inc 


NDRC  Laboratories 


David  R .  Godwin ,  Ph.D. 
Chief  Executive  Officer 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-1 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPBG2 : 10 ' 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
15- JUN-1993 
EPA  8020 
VLH 

17- JUN-1993 
1 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

2.0 

jtg/Kg 

< 

2.0 

*tg/Kg 

Toluene 

2.0 

H9/<9 

< 

2.0 

/tg/Kg 

Ethyl  benzene 

2.0 

m  g/Kg 

< 

2.0 

/tg/Kg 

Xylenes 

2.0 

*tg/Kg 

< 

2.0 

*ig/Ks 

- i 

BTEX  (total)  ! 

< 

2.0 

v-  g/Kg 

#  j 

r 


QUALITY  CONTROL  DATA  i 

_ _ _ _ _ 1 

SURROGATE  COMPOUND 

SPIKE 

LEVEL 

SPIKE 

RECOVERED  j 

Bromof luorobenzene(SS) 

50.0 

jig/Kg 

115 

%  j 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figure; 


NDRC  Laboratories , 


Inc . 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93- 6946-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW2 : 10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
15- JUN-1993 
EPA  8020 
VLH 

17-JUN-1993 

100 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

200  /ig/Kg 

<  200  /ig/Kg 

Toluene 

200  /tg/Kg 

19000  /ig/Kg 

- - - j 

Ethyl  benzene 

200  /ig/Kg 

5200  /ig/Kg  j 

- — - 1 

Xylenes 

200  /ig/Kg 

25000  jig/Kg  j 

- - - -J 

- - - —  i 

BTEX  (total)  ! 

1  _ 1 _ _ — - 1 

49200  fig/Kg  #  1 

_ _J 

QUALITY  CONTROL  DATA 

1 - - - 

j  SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

_ _ _ 1 

1  Bromof luorobenzene(SS) 

i _ _ _ 

50. 0  /ig/Kg 

76.0  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


Martin  Jeff 
General  Manager 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-3 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 
VW3 : 7 -  8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 
EPA  8020 
VLH 

18- JUN-1993 
1 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

2.0 

/ig/Kg 

< 

2.0 

/tg/Kg 

j 

i  -  - 

j  Toluene 

2.0 

/ig/Kg 

< 

2.0 

/ig/Kg 

i  Ethyl  benzene 

2.0 

/ig/Kg 

< 

2.0 

/ig/Kg 

1 - — - — - 

|  Xylenes 

2.0 

A9/Kg 

4.1 

/i  g/Kg 

j  BTEX  (total) 

1  .  ___ 

4.1 

ftg/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  Jig/Kg 

103  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories, 


Inc. 


in  Jeffu^/  v 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93 -6946-4 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW3 : 10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 

16- JUN-1993 
EPA  8020 
VLH 

17- JUN-1993 
100 


BTEX  ANALYSIS 

r - 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS  ! 

_ 1 

Benzene 

200  M9/Kg 

1000  »ig/Kg  i 

_ I _ I _ j 

Toluene 

200  /ig/Kg 

12000  il  g/Kg  i 

- I - i 

Ethyl  benzene 

200  A-g/Kg 

3600  Mg/Kg  j 

_ 1 

Xylenes 

200  fL  g/Kg 

18000  /ig/Kg 

BTEX  (total) 

34600  jig/Kg  ft 

j  QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

1  Bromof luorobenzene(SS) 

i - — — - 

50.0  /tg/Kg 

74.0  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


NDRC  Laboratories, 


Inc . 


Martin  Jeffu 
General  Manager 


NDRC  Laboratories,  Inc. 

V  \  A  member  of  Inchcape  Environmental 


// 


A  member  of  Inchcape  Environmental 

1089  Fast  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED 


16- JUN-1993 


REPORT  NUMBER  :  D93-6946-5 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

VW4 : 10  - 11 

Bioventing  Pilot  Study 
AU3 80.01  Car s we 1 1  AFB 
16- JUN-1993 
EPA  8020 
VLH 

18- JUN-1993 
25 


8TEX  ANALYSIS 

TEST  REQUESTED  | 

DETECTION  LIMIT 

RESULTS 

Toluene 
Ethyl  benzene 


Xylenes 
BTEX  (total) 


QUALITY  CONTROL  DATA 


SURROGATE  COMPOUND 
Bromof luorobenzene(SS) 


50  pg/Kg 


50  /ig/Kg 


SPIKE  LEVEL 


50.0  /ig/Kg 


1500  /tg/Kg 

6900  /ig/Kg 

9130  /ig/Kg 


SPIKE  RECOVERED 


119  % 


#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


NDRC  Laboratories ,  Inc . 


Martin  Jeffu^/ 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-5 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW4 : 10-11 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

16-JUN-1993 

ASTM  D421/D422 

NJK 

24-JUN-1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

13.9  % 

Silt  (0.005  to  0.075  mm) 

0.1  % 

61.4  % 

Clay/Colloids  (<  0.005  mm) 

0.1  % 

24.7  % 

Lta  L 


Martin  Jeffu 
General  Mana' 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993 


REPORT  NUMBER  :  D93-6946-3 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 
VW3 : 7  -  8 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

16-JUN-1993 

ASTM  D421/D422 

NJK 

24- JUN-1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  % 

Mediun  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

9.7  % 

Silt  (0.005  to  0.075  mm) 

0.1  % 

57.6  % 

Clay/Colloids  (<  0.005  mm) 

0.1  % 

32.7  % 

NDRC  Laboratories ,  Inc . 


Martin  Jeffd#"  ' 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW2: 10-11 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

15-JUN-1993 

ASTM  D421/D422 

NJK 

24-JUN-1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

_ _ _ _____ 

37.9  % 

Silt  (0.005  to  0.075  mm) 

1  0.1  % 

48.5  % 

Clay/Colloids  (<  0.005  mm) 

j  0.1  % 

13.6  % 

NDRC  Laboratories, 


Inc. 


Martin  Jeff 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-1 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

MPBG2 : 10 ' 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

15-JUN-1993 

ASTM  D421/D422 

NJK 

24- JUN-1993 


GRADATION  REPORT  _  j 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

24.5  % 

Silt  (0.005  to  0.075  mm) 

0.1  % 

_ — - 

57.0  %  1 

Clay/Colloids  (<  0.005  mm) 

0.1  % 

18.5  % 

1 

NDRC  Laboratories 


Inc. 


Martin  Jeff us 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-1 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

MPBG2 : 10 ' 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
15- JUN-1993 
EPA  418.1 
CDR 

23- JUN-1993 
1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

i _ _ _ — - - - - 

10  mg/Kg 

47  mg/Kg 

Inc. 


Martin 
General  Manager 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW2 : 10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
15- JUN-1993 
EPA  418.1 
CDR 

23-JUN-1993 

10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

1 

100  mg/ Kg 

6500  mg/Kg 

Inc . 


Martin 
General  Manager 


NDRC  Laboratories, 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-3 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 
VW3 : 7 -  8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 
EPA  418.1 
CDR 

23-JUN-1993 

1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

10  mg/Kg 

<  10  mg/Kg 

NDRC  Laboratories, 


Inc . 


Martin 


:in  JeffiU 


Manager 


General 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-4 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering - Science  Inc . 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW3 : 10  - 11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 
EPA  418.1 
CDR 

23  - JUN- 1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

4500  mg/Kg 

Inc. 


in  Jeffu^/  »• 


Martin 
General  Manager 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-5 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW4 : 10  - 11 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

16-JUN-1993 

EPA  418.1 

CDR 

23- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED  j 

DETECTION 

LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon  j 

100 

mg/Kg 

1900  mg/Kg  | 

NDRC  Laboratories, 


Inc . 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-1 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  MPBG2:10' 

:  Bioventing  Pilot  Study 
PROJECT  :  AU380.01  Carswell  AFB 
DATE  SAMPLED  :  15-JUN-1993 


NDRC  Laboratories,  Inc. 


6 


V 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering-Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW2: 10-11 

:  Bioventing  Pilot  Study 
PROJECT  :  AU380.01  Carswell  AFB 
DATE  SAMPLED  :  15-JUN-1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

62.4  mg/Kg 

Di lution  Factor  :  1 

Prepared  using  EPA  3051  on  17-JUN-1993  by  CCM 
Analyzed  using  EPA  6010  on  18-JUN-1993  by  KJS 


NDRC  Laboratories, 


General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-6946-3 
1- JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 
VW3 : 7  -  8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16-JUN-1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

133  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  17-JUN-1993  by  CCM 

Analyzed  using  EPA  6010  on  18-JUN-1993  by  KJS 

NDRC  Laboratories, 


Inc . 


tin  Jeffi^  D  J 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-5 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW4:10-11 

:  Bioventing  Pilot  Study 
PROJECT  :  AU380.01  Carswell  AFB 
DATE  SAMPLED  :  16-JUN-1993 


TOTAL  METALS 

7 

EST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

89.0  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  17-JUN-1993  by  CCM 
Analyzed  using  EPA  6010  on  18-JUN-1993  by  KJS 


NDRC  Laboratories, 


NDRC  Laboratories,  Inc 

wk  \  A  member  of  inchcape  Environmental 


\%V  // 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238  5592 


BEAUMONT 


DALLAS 


HOUSTON 


DATE  RECEIVED  :  16 -.TUN- 1993 


REPORT  NUMBER  :  D93- 6946-1 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

MPBG2 : 10 ' 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
15-JUN-1993 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 


Alkalinity 


DETECTION  LIMIT 


Analyzed  using  EPA  310.1  on  17-JUN-1993  by  BAF 


j  Moisture  (Oven) 


Analyzed  using  ASTM  D2216  on  22-JUN-1993  by  RJS 


0.1  mg/KgCaC03 


0.01  % 


Nitrogen,  Total  Kjeldahl 


Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  25-JUN-1993  by  MKS 


10.0  mg/Kg 


Analyzed  using  EPA  9045  on  17-JUN-1993  by  BAF 


Total  Sot  ids 


I  Analyzed  using  EPA  160.3  on  21-JUN-1993  by  K0 


RESULTS 


1550  mg/KgCaC03 


NDRC  Laboratories,  Inc. 


Martin  Jeffu^ 5 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW2-.10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
15- JUN-1993 


MISCELLANEOUS  ANALYSES 

- — - 1 

TEST  REQUESTED 

. -J 

DETECTION  LIMIT 

RESULTS 

Alkalinity 

i  _ 

0.1  mg/KgCaC03 

L 

206  mg/KgCaC03 

_ _ _ _ , 

Analyzed  using  EPA  310.1  on  17- JUN-1993  by  BAF 

Moisture  (Oven) 

0.01  X 

8.20  X 

Analyzed  using  ASTM  D2216  on  22- JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0  mg/Kg 

224  mg/Kg 

Dilution  Factor  :  1 

I  Analyzed  using  EPA  351.3  on  25- JUN-1993  by  MKS 

!  pH  s 

8.6 

Analyzed  using  EPA  9045  on  17- JUN-1993  by  BAF 

Total  Solids 

0.01  X 

91.8  X 

Analyzed  using  EPA  160.3  on  21 -JUN-1993  by  K08 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93-6946-3 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 
VW3 : 7  -  8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Alkalinity 

0.1 

mg/KgCaC03 

412 

mg/KgCaC03 

— - 1 

Analyzed  using  EPA  310.1  on  17- JUN-1993  by  BAF  j 

| - — - - - 

i  Moisture  (Oven) 

0.01 

X 

12.7 

%  ! 

l 

i _ _ _ — - - - - - -  i 

i  Analyzed  using  ASTM  D2216  on  22-JUN-1993  by  RJS  ! 

1 - - - — - 

j  Nitrogen,  Total  Kjeldahl 

10.0 

mg/Kg 

462 

mg/Kg  j 

- ! 

Dilution  Factor  :  1  j 

Analyzed  using  EPA  351.3  on  25- JUN-1993  by  MKS  _ _ _  ) 


Analyzed  using  EPA  9045  on  17- JUN-1993  by  BAF 

- - - 1 - - - r 


i 


using  EPA  160.3  on  21-JUN-1993  by  KOB 


Total  Solids 


0.01  % 


87.3 


% 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 


1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591 
BEAUMONT  DALLAS 


FAX  (214)  238-5592 
HOUSTON 


DATE  RECEIVED  :  16-JUN-1993 


REPORT  NUMBER  :  D93-6946-4 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 

PROJECT  : 
DATE  SAMPLED  : 


Soil 

VW3 : 10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 
_ 1 

RESULTS 

Total  Solids 

o 

o 

87.6  % 

Analyzed  using  EPA  160.3  on  21-JUN  1993  by  K0B 

NDRC  Laboratories, 


Inc. 


tin  Jef T*- 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  16-JUN-1993  REPORT  NUMBER  :  D93- 6946-5 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW4 : 10 - 11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 


-  - - - - - - - - — — ] 

MISCELLANEOUS  ANALYSES  ! 

- — - - - 

TEST  REQUESTED 

DETECTION  LIMIT 

_ _ _ 

RESULTS 

Alkalinity 

0.1  mg/KgCaC03 

515  mg/KgCaC03 

- - - 1 

Analyzed  using  EPA  310.1  on  17-JUN-1993  by  BAF 

Moisture  (Oven) 

0.01  % 

15.0  X  I 

Analyzed  using  ASTM  D2216  on  22- JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0  mg/Kg 

336  mg/Kg  I 

Dilution  Factor  :  1 

i 

Analyzed  using  EPA  351-3  on  25- JUN-1993  by  MKS 

- 1 

8.4  ! 

pH 

- 1 

Analyzed  using  EPA  9045  on  17- JUN-1993  by  BAF 

| 

Total  Solids 

:  0.01  X 

_ _ _ 

85.0  X  i 

_ _ _ _ 1 

Analyzed  using  EPA  160.3  on  21 -JUN-1993  by  K0B 

Martin  Jefti^  * 

General  Manager 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-1 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14 -SB3 -9-10 

AU380.01  Carswell  AFB  Biovent 
21- JUN- 1993 
EPA  8020 
VLH 

25- JUN-1993 
250 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

500 

a  g/Kg 

5400 

v-  g/Kg 

Toluene 

500 

M9/K9 

15000 

M9/K9 

Ethyl  benzene 

500 

M/Kg 

4100 

Mg/Kg 

“ 

Xylenes 

500 

a g/Kg  i 

24000 

/^g/Kg 

BTEX  (total) 

r 

_ 

48500 

M9/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

B  romof l uorobenzene( SS ) 

50.0  ns/Kg 

88.0  X  1 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


%„J.A  OJA.  .  // 


NDRC  Laboratories ,  Inc 


Martin  Jeffius  v 
General  Manager 


NDRC  LABORATORIES,  INC. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14-SB4-7-8 

AU380.01  Carswell  AFB  Biovent 
21- JUN-1993 
EPA  8020 
PSS 

23  - JUN- 1993 
1 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

2.0  /tg/Kg 

<  2.0  /ig/Kg 

Toluene 

2.0  /ig/Kg 

<  2.0  /ig/Kg  j 

Ethyl  benzene 

2.0  *ig/Kg 

<  2.0  /19/Kg  j 

- - - - 1 

Xylenes 

2.0  /ig/Kg 

<  2.0  /ig/Kg  j 

- - - - - j 

BTEX  (total) 

<  2.0  /ig/Kg  #  | 

_ . _ _ _  -  —  .  ■■  —I 

j  QUALITY  CONTROL  DATA 

I 

_ _ _ i 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED  | 

_ _ _ 1 

B  romof l uorobenzene( SS ) 

50.0  /ig/Kg 

106  X  | 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


NDRC  Laboratories ,  Inc 


Martin  Jef^jxs  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7177-3 

l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14-SB4-10-11 

AU380.01  Carswell  AFB  Biovent 
21- JUN-1993 
EPA  8020 
VLH 

25-JUN-1993 

1 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

_ 

Benzene 

2.0 

M9/Xg 

< 

2.0 

/tg/K  9 

Toluene 

2.0 

ti  g/Kg 

< 

2.0 

jig/Kg 

Ethyl  benzene 

2.0 

A9/<9 

< 

2.0 

M9/K9 

Xylenes 

2.0 

/ig/Kg 

< 

2.0 

M9/Kg 

BTEX  (total) 

< 

2.0 

A9/Kg 

# 

r-  - 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

B  romof l uorobenzene(SS ) 

50.0  /tg/Kg 

1  .  ! 

117  X 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories, 


Inc 


General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  locbcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-4 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14-SB4-Dup 

AU380.01  Carswell  AFB  Biovent 
21- JUN-1993 
EPA  8020 
VLH 

25-JUN-1993 

1 


8TEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

2.0 

/tg/<9 

< 

2.0 

/ig/Kg 

Toluene 

2.0 

Mg/Kg 

< 

2.0 

A9/<9 

Ethyl  benzene 

2.0 

M9/K9 

< 

2.0 

9/K9 

Xylenes 

2.0 

^g/Kg 

< 

2.0 

/tg/Kg 

BTEX  (total) 

< 

2.0 

A9/K9 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  /ig/Kg 

117  X 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


Inc. 


NDRC  Laboratories 


Martin  JeffliYs  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  ot  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-5 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14 -SB5 - 10 - 11 

AU380.01  Carswell  AFB  Biovent 
21- JUN-1993 
EPA  8020 

pss 

23-JUN-1993 

1 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

2.0 

jig/Kg 

_ 

B 

2.0 

/ig/Kg 

j  Toluene 

2.0 

jig/Kg 

< 

2.0 

a-  g/Kg 

Ethyl  benzene 

2.0 

^g/Kg 

< 

2.0 

ti9/<9 

Xylenes 

2.0 

M9/Kg 

< 

2.0 

/ig/Kg 

BTEX  (total) 

< 

2.0 

^g/Kg 

- - - — - - - — - 1 

QUALITY  CONTROL  DATA  j 


SURROGATE  COMPOUND 

— 

_ 

SPIKE 

LEVEL 

SPIKE 

RECOVERED 

B  r omof l uorobenzeneC  SS ) 

50.0 

/tg/Kg 

115 

% 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories ,  Inc 


Martin  Jeftptts*' 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  lochcape  Environmental 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591 
BEAUMONT  DALLAS 


FAX  (214)  238-5592 
HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  :  D93-7177-6 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14-VW10-10-11 

AU380.01  Carswell  AFB  Biovent 

21- JUN-1993 

EPA  8020 

PSS 

23- JUN-1993 
25 


BTEX  ANALYSIS 

| _ _ _ — - * - - - 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

50 

ng/Kg 

470 

— - - 

M  g/Kg 

Toluene 

50 

/ig/Kg 

740 

/tg/Kg 

|  Ethyl  benzene 

50 

I _ _ _ 

A9/K9 

1100 

il  g/Kg 

Xylenes 

!  50 

*ig/Kg 

5200 

^g/Kg 

- - - 

i  BTEX  (total) 

1 _ _ _ _ _ ' - - - - 

7510 

Mg/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

i  SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

|  50.0  ftg/Kg 

71.0  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


NDRC  Laboratories, 


Inc. 


Martin  Jeff 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7177-7 
1- JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

SB6-9-10 

AU380.01  Carswell  AFB  Biovent 

22- JUN-1993 
EPA  8020 
PSS 

23- JUN-1993 
1 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

2.0 

(ig/Kg 

m 

2.0 

M/Xg 

i 

i 

Toluene 

2.0 

jig/Kg 

< 

2.0 

M9/X  g 

_ i 

Ethyl  benzene 

2.0 

M9/Xg 

n 

2.0 

Ag/Kg 

i 

i 

- j 

j  Xylenes 

2.0 

/ig/Kg 

< 

2.0 

Mg/Kg 

i 

i 

1 - - - - - 

!  BTEX  (total) 

i _ _ _ 

L _ 

< 

_ 

2.0 

wg/Kg 

#  I 

J 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED  ! 

_ 1 

B  romof l uorobenzene ( SS ) 

50.0  /tg/Kg 

113  7.  j 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


DJ/.  . 


NDRC  Laboratories 


Inc 


Martin  Jef flu's  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)238-5592 


BEAUMONT 


DALLAS 


HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  :  D93- 7177-1 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  ST14 -SB3 - 9  - 10 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  21-JUN-1993 
ANALYSIS  METHOD  :  EPA  418.1 
ANALYZED  BY  :  CDR 
ANALYZED  ON  :  29-JUN-1993 
DILUTION  FACTOR  :  10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 


NDRC  Laboratories ,  Inc . 


Martin  Jefffci6  V 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Incbcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc.  # 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  ST14-SB4-7-8 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  21-JUN-1993 
ANALYSIS  METHOD  :  EPA  418.1 
ANALYZED  BY  :  CDR 
ANALYZED  ON  :  29-JUN-1993 
DILUTION  FACTOR  :  1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

10  mg/Kg 

<  10  mg/Kg 

NDRC  Laboratories ,  Inc . 


Martin  Jef  £Hs  V  1 
General  Manager 


6 


NDRC  Laboratories,  Inc. 

™  WL  \  A  member  of  Inchcape  Environmental 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)236-5591  •  FAX  (214)  238-5592 


BEAUMONT 


DALLAS 


HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  :  D93-7177-3 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

ST14 - SB4 - 10 - 11 

AU380.01  Carswell  AFB  Biovent 

21-JUN-1993 

EPA  418.1 

CDR 

29  - JUN- 1993 
1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 


TEST  REQUESTED 


Total  Petroleum  Hydrocarbon 


DETECTION  LIMIT 


10  mg/Kg 


10  mg/Kg 


NDRC  Laboratories,  Inc ._ 


Martin  JeffHs  v  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93- 7177-4 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14 -SB4 -Dup 

AU380.01  Carswell  AFB  Biovent 

21-JUN-1993 

EPA  418.1 

CDR 

29- JUN-1993 
1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 


TEST  REQUESTED 

DETECTION 

LIMIT 

Total  Petroleum  Hydrocarbon 

10 

mg/Kg 

< 

RESULTS 


10  mg/Kg 


Total  Petroleum  Hydrocarbon 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-5 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc.  _ 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  ST14 -SB5 - 10 - 11 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  21-JUN-1993 
ANALYSIS  METHOD  :  EPA  418.1 
ANALYZED  BY  :  CDR 
ANALYZED  ON  :  29-JUN-1993 
DILUTION  FACTOR  :  1 


NDRC  Laboratories,  Inc. 


Martin  JefiWs  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  locbcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-6 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc . 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

ST14 - VW10 - 10 - 11 

AU380.01  Carswell  AFB  Biovent 

21-JUN-1993 

EPA  418.1 

CDR 

29-JUN-1993 

10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

1500  mg/Kg 

NDRC  Laboratories, 


Inc. 


Martin  Jeffi 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7177-7 
1- JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

SB6-9-10 

AU380.01  Carswell  AFB  Biovent 
22  - JUN- 1993 
EPA  418.1 
CDR 

29- JUN-1993 
1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

j— - — — - — -  i 

Total  Petroleum  Hydrocarbon  ^0  mg/Kg  j 

i - " - - - - - — - 1 

34  mg/Kg 

NDRC  Laboratories, 


Inc. 


General 


NDRC  Laboratories,  Inc. 

A  member  of  Incbcape  Environmental 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591 
BEAUMONT  DALLAS 


FAX  (214)  238-5592 
HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  :  D93- 7177-1 
REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

ST14-SB3-9-10 

AU380.01  Carswell  AFB  Biovent 
21-JUN-1993 


MISCELLANEOUS  ANALYSES 

- - - n 

j 

— - - - - - — j 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS  ; 

Total  Solids 

0.01  % 

82.6  X  j 

Analyzed  using  EPA  160.3  on  25-JUN-1993  by  KOB  j 

L _ _ _ _ _ _ _ _ _ _ 

NDRC  Laboratories, 


Inc. 


tin  Jettbiv1 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  Fag*  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93 -7177-2 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering- Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  ST14-SB4-7-8 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  21-JUN-1993 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  *  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-3 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

ST14-SB4-10-11 

AU380.01  Carswell  AFB  Biovent 
21-JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

0.01  % 

87.7  % 

Analyzed  using  EPA  160.3  on  25-JUN-1993  by  K0B  j 

Inc. 


NDRC  Laboratories 


Martin  JeffMs  ' 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93 - 7177-4 
l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

ST14-SB4-Dup 

AU380.01  Carswell  AFB  Biovent 
21- JUN-1993 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

o 

© 

87.7  7. 

Analyzed  using  EPA  160.3  on  25- JUN-1993  by  KOB  j 

NDRC  Laboratories,  Inc. 


Martin  Jef  feus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER 
REPORT  DATE 


D93-7177-5 
1- JUL-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering- Science  Inc . 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

ST14-SB5-10-11 

AU380.01  Carswell  AFB  Biovent 
21- JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

0.01  X 

84.5  % 

Analyzed  using  EPA  160.3  on  25 -JUN-1993  by  KOB 

%oaXi^  JjJLL  / 


NDRC  Laboratories 


Inc 


Martin  Jeffds 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  fnchcape  Environmental 

1 089  East  Collins  Blvd..  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-6 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

ST14-VW10-10-11 

AU380.01  Carswell  AFB  Biovent 

21- JUN-1993 


MISCELLANEOUS  ANALYSES  j 

|  TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

|  Alkalinity 

0.1  mg/KgCaC03 

790  mg/KgCaC03 

Analyzed  using  EPA  310.1  on  28- JUN-1993  by  BWB 

Moisture  (Oven) 

0.01  % 

23.7  % 

L - 

Analyzed  using  ASTM  D2216  on  23- JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0  mg/Kg 

294  mg/Kg 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  28- JUN-1993  by  MKS 

pH 

8.8 

Analyzed  using  EPA  9045  on  24 -JUN-1993  by  BWB  i 

Total  Solids 

0.01  % 

74.8  % 

Analyzed  using  EPA  160.3  on  23- JUN-1993  by  RJS  j 

i - - — _ _ _ _ _ _ _ — - 

NDRC  Laboratories, 


Inc. 


Martin  Jef&Ys 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-7 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering- Science  Inc. 

7800  Shoal~Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

SB6-9-10 

AU380.01  Carswell  AFB  Biovent 
22- JUN-1993 


MISCELLANEOUS  ANALYSES 

i 

- 1 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS  i 

_ _ 1 

Total  Solids 

0.01  X 

74.9  7.  i 

- — - 1 

Analyzed  using  EPA  160-3  on  25- JUN-1993  by  KOB 

NDRC  Laboratories 


Inc 


Martin  JeffuTs  V 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993 


REPORT  NUMBER 
REPORT  DATE 


D93-7177-6 
1- JUL-1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX  : 
ID  MARKS  : 
PROJECT  : 
DATE  SAMPLED  : 


Soil 

ST14-VW10-10-11 

AU380.01  Carswell  AFB  Biovent 

21-JUN-1993 


TOTAL  METALS 


TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

88.3 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  23-JUN-1993  by  CCM 
Analyzed  using  EPA  6010  on  25-JUM-1993  by  KJS 


mg/Kg 


j 


%~j;i  .OJA. ,  // 


NDRC  Laboratories,  Inc. 


Martin  Jeffttfe  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Incheape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  22-JUN-1993  REPORT  NUMBER  :  D93-7177-6 

REPORT  DATE  :  l-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  ST14-VW10-10-11 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  21-JUN-1993 
ANALYSIS  METHOD  :  ASTM  D421/D422 
ANALYZED  BY  :  NJK 
ANALYZED  ON  :  30-JUN-1993 


NDRC  Laboratories,  Inc. 


Martin  Jeff  Vi's 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-1 

29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW5:  7-8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16  - JUN- 1993 
EPA  8020 
VLH 

21- JUN-1993 
5 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

10.0  /tg/Kg 

<  10.0  /tg/Kg 

Toluene 

10.0  /tg/Kg 

380  /tg/Kg 

Ethyl  benzene 

10.0  jig/Kg 

120  /tg/Kg 

Xylenes 

10.0  /tg/Kg 

410  /tg/Kg 

BTEX  (total) 

910  jig/Kg  # 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzeneC  SS ) 

50.0  /tg/Kg 

82.0  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories, 


Inc. 


/hutK 


Martin  Jeffvre  ! 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18 -JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-2 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW5:  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 
EPA  8020 
VLH 

21- JUN-1993 
5 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

10.0  /tg/Kg 

<  10.0  /tg/Kg 

Toluene 

10.0  /tg/Kg 

— 

440  /tg/Kg 

Ethyl  benzene 

10.0  fi  g/Kg 

<  10.0  /tg/Kg 

Xylenes 

10.0  /tg/Kg 

1200  /tg/Kg 

BTEX  (total) 

1640  /tg/Kg  # 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

B romof l uorobenzene ( SS ) 

50.0  /tg/Kg 

114  X 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  nunber  of  significant  figures. 


NDRC  Laboratories ,  Inc . 


Martin  Jeff us 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-3 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc . 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW6:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 
EPA  8020 
VLH 

21-JUN-1993 

50 


BTEX  ANALYSIS 


TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

100  /ig/Kg 

950  /ig/Kg 

Toluene 

100  fig/Kg 

310  /ig/Kg 

Ethyl  benzene 

100  *ig/Kg 

980  /ig/Kg 

Xylenes 

100  /ig/Kg 

1800  Jig/Kg 

BTEX  (total) 

4040  jig/Kg  * 

j  QUALITY  CONTROL  DATA  | 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

B  romof l uo robenzeneC  SS ) 

50.0  /ig/Kg 

81.0  X 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  nunber  of  significant  figures 


NDRC  Laboratories ,  Inc . 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-4 
29  - JUN- 1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW7:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17 -JUN- 1993 
EPA  8020 
RJD 

29 -JUN- 1993 
500 


BTEX  ANALYSIS  j 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

1000  M9/Kg 

<  1000  /ig/Kg 

Toluene 

1000  /ig/Kg 

19000  /ig/Kg 

Ethyl  benzene 

1000  fig/Kg 

3600  fLg/Kg 

Xylenes 

1000  jig/Kg 

4800  ;tg/Kg 

BTEX  (total) 

27400  ng/Kg  # 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof l uorobenzene( SS ) 

50.0  /ig/Kg 

71.0  X 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories 


Inc 


Martin  Jef'-f'us1' 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18 -JUN- 1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-5 
29 - JUN- 1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW8:  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 
EPA  8020 
VLH 

22 -JUN- 1993 
50 


[  s 

BTEX  ANALYSIS  j 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

100 

/tg/Kg 

2000 

M9/Kg 

i 

_ i 

!  Toluene 

100 

/tg/Kg 

2600 

/tg/Kg 

| 

_ 1 

— - - - - - 

j  Ethyl  benzene 

100 

/tg/Kg 

1200 

/tg/Kg 

Xylenes 

100 

i _ 

/tg/Kg 

5000 

/tg/Kg 

BTEX  (total) 

10800 

/tg/Kg 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof  luorobenzene( SS ) 

! 

50.0  /tg/Kg 

122  X  \ 

\ 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories ,  Inc . 


NDRC  Laboratories,  Inc. 

A  member  of  Incbcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-6 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW8 :  Duplicate 

Biovent xng  Pilot  Study 

AU380.01  Carswell  AFB 

17-JUN-1993 

EPA  8020 

VLH 

22-JUN-1993 

50 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

100 

/ig/Kg 

1900 

W/Kg 

!  Toluene 

i 

100 

A  g/Kg 

3400 

/ig/Kg 

i - — 

;  Ethyl  benzene 

i 

100 

i 

<tg/Kg 

1300 

g/Kg 

r - - — ~  — - - - ! 

j  Xylenes 

1 

100 

m  g/Kg 

6100 

H9/K9 

j  BTEX  (total) 

12700 

l 

/x-g/Kg 

# 

QUALITY  CONTROL  DATA 

- _ — - — - 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  fig/K  g 

82.0  X 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


Inc. 


Martin  Jefrus 
General  Manager 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-7 

29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW9:  9-10 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

18-JUN-1993 

EPA  8020 

PSS 

23-JUN-1993 

25 


BTEX  ANALYSIS 

- - - — - 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS  1 

- 1 

Benzene 

50 

. 

jtg/Kg 

200 

jtg/Kg 

Toluene 

50 

ng/Kg 

3600 

/a  g/Kg 

Ethyl  benzene 

50 

Jtg/Kg 

910 

;ig/Kg 

Xylenes 

50 

v-  g/Kg 

- 1 

A800 

VL9/  Kg 

BTEX  (total) 

9510 

/i  g/Kg 

# 

_ _ — — — - - - — — \ 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  jig/Kg 

86.0  X 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  nunber  of  significant  figures. 


NDRC  Laboratories, 


Martin  Jeff us 
General  Manager 


/f^\  NDRC  Laboratories,  Inc. 

Jp®  m  \  A  member  of  Inchcape  Environmental 


// 


A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  :  D93-7074-8 
REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 

Soil 

SB2 :  7-8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
18- JUN-1993 
EPA  8020 
VLH 

22  -  JTJN- 1993 
1 


TEST  REQUESTED 


Benzene 

2.0 

A  g/Kg 

3.6 

/tg/Kg 

Toluene 

2.0 

/ig/Kg 

4.8 

jig/Kg 

Ethyl  benzene 

2.0 

Mg/Kg 

7.4 

a  g/Kg 

Xylenes 

2.0 

/ig/Kg 

40.0 

M9/Kg 

BTEX  (total) 

55.8 

/^g/Kg 

# 

QUALITY  CONTROL  DATA 


SURROGATE  COMPOUND 
Bromof luorobenzene(SS) 


SPIKE  LEVEL 


50.0  /ig/Kg 


SPIKE  RECOVERED 


109  X 


#  eased  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  nunber  of  significant  figures 


NDRC  Laboratories ,  Inc . 


Martin  Jeff  us  zr 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93 -7074-9 
29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

SB2 :  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
18- JUN-1993 
EPA  8020 
VLH 

21- JUN-1993 
5 


BTEX  ANALYSIS 

— 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

10.0  /ig/Kg 

53.0  fL  g/Kg 

- — 

Toluene 

10.0  jtg/Kg 

600  /ig/Kg 

- -j 

Ethyl  benzene 

10.0  /ig/Kg 

<  10.0  Iig/Kg 

Xylenes 

10.0  /ig/Kg 

2000  /tg/Kg 

BTEX  (total) 

2650  /ig/Kg  # 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

B  romof luorobenzene( SS ) 

50.0  jig/Kg 

71.0  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


NDRC  Laboratories ,  Inc . 


Martin  JetfusP  " 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-1 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW5 :  7-8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 
ASTM  D421/D422 
NJK 

25- JUN-1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  X 

Medium  &  Fine  Sand  (0.075  to  2.00  crm) 

0.1  % 

17.6  % 

Silt  (0.005  to  0.075  mm) 

0.1  X 

52.8  % 

|  Clay/Colloids  (<  0.005  mm) 

1 - - — - - 

0.1  % 

29.6  % 

i 

Martin  Jeff us 
General  Manager 


NDRC  Laboratories,  Inc. 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER 
REPORT  DATE 


D93 - 7074-3 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW6:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 
ASTM  D421/D422 
NJK 

25  - JUN- 1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1 

X 

< 

0.1 

% 

\  Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1 

X 

66.2 

X 

r - -  ~ 

i  Silt  (0.005  to  0.075  mm) 

0.1 

24.9 

% 

I  Clay/Colloids  (<  0.005  mm) 

0.1 

X 

8.9 

%  ! 

/  r 


NDRC  Laboratories 


Inc 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-4 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW7:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 
ASTM  D421/D422 
NJK 

25- JUN-1993 


GRADATION  REPORT 

TEST  REQUESTED 

RESULTS 

Gravel  &  Coarse  Sand  (>  2-00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

52.1  % 

Silt  (0.005  to  0.075  mm) 

0.1  % 

35.6  X 

Clay/Colloids  (<  0.005  mm) 

0.1  X 

12.3  7. 

NDRC  Laboratories, 


Inc 


Martin- Jeffus 


General  Manag 


NDRC  Laboratories,  Inc. 

A  member  of  tnchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JDN-1993 


REPORT  NUMBER 
REPORT  DATE 


D93 -7074-5 
29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW8:  10-11 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

17-JUN-1993 

ASTM  D421/D422 

NJK 

25 - JUN- 1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

r— 

O 

V 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  X 

9.9  X 

Silt  (0.005  to  0.075  mm) 

0.1  % 

63.1  % 

Clay/Colloids  (<  0.005  mm) 
i - - - 

0.1  % 

1 

27.0  X 

NDRC  Laboratories, 


Inc. 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993  REPORT  NUMBER  :  D93-7074-6 

REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW8:  Duplicate 
Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 
ASTM  D421/D422 
NJK 

25 - JUN- 1993 


GRADATIOM  REPORT 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS  | 

- - - 1 

Gravel  &  Coarse  Sand  (>  2-00  mm) 

0.1 

X 

< 

0.1 

X 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1 

X 

9.5 

X 

Silt  (0.005  to  0.075  mm) 

0.1 

X 

61.4 

% 

F -  1  ■“ 

j  Clay/Colloids  (<  0.005  mm) 

0.1 

X 

29.1  X 

NDRC  Laboratories ,  Inc 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-7 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW9:  9-10 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

18-JUN-1993 

ASTM  D421/D422 

NJK 

25-JUN-1993 


_ _ _ _ _ — - 1 

GRADATION  REPORT  1 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2-00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

13.8  % 

Silt  (0.005  to  0-075  mm) 

0.1  51 

53.7  % 

Clay/Colloids  (<  0.005  mm) 

0.1  % 

32.5  % 

Martin  Jeffus 
General  Manager 


NDRC  Laboratories ,  Inc . 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993  REPORT  NUMBER  :  D93- 7074-1 

REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW5 :  7-8 

:  Bioventing  Pilot  Study 
PROJECT  :  AU380.01  Carswell  AFB 
DATE  SAMPLED  :  16-JUN-1993 
ANALYSIS  METHOD  :  EPA  418.1 
ANALYZED  BY  :  CDR 
ANALYZED  ON  :  29-JUN-1993 
DILUTION  FACTOR  :  1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED  DETECTION  LIMIT  RESULTS 

Total  Petroleum  Hydrocarbon  10  mg/Kg  420  mg/Kg 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories ,  Inc . 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  :  D93 -7074-2 
REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW5:  10-11 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

16-JUN-1993 

EPA  418.1 

CDR 

29  - JUN- 1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

2600  mg/Kg 

NDRC  Laboratories,  Inc 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-3 
29  - JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW6:  9-10 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

17-JUN-1993 

EPA  418.1 

CDR 

29- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

u - - - — - 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

3800  mg/Kg 

NDRC  Laboratories 


Inc 


Martin  Jeftufe 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  lochcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-4 
29- JTJN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW7:  9-10 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

17-JUN-1993 

EPA  418.1 

CDR 

29  - JUN- 1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

. . — . . . . . . . . 

- - - 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Totat  Petroleum  Hydrocarbon 

100  mg/Kg 

5700  mg/Kg 

NDRC  Laboratories, 


Inc. 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Incbcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-5 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW8:  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 
EPA  418.1 
CDR 

29- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

1900  mg/Kg 

NDRC  Laboratories 


Inc 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  :  D93-7074-6 
REPORT  DATE  :  29 -JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW8:  Duplicate 
Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 
EPA  418.1 
CDR 

29- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED  ] 

DETECTION 

LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon  I 

100 

mg/Kg 

2300  mg/Kg 

Martin  Jeftus 
General  Manager 


NDRC  Laboratories,  Inc. 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JTJN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-7 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW9:  9-10 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

18-JUN-1993 

EPA  418.1 

CDR 

29- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 


100 


mg/Kg 


1200 


mg/Kg 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-8 

29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

SB2 :  7-8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
18- JUN-1993 
EPA  418.1 
CDR 

29  - JUN- 1993 
1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

10  mg/Kg 

<  10  mg/Kg 

NDRC  Laboratories 


Inc 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-9 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

SB2 :  10-11 

Bioventing  Pilot  Study 

AU380.01  Carswell  AFB 

18-JUN-1993 

EPA  418.1 

CDR 

29- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

5100  mg/Kg 

Martin  Jeffds  v 
General  Manager 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

™  VI  \  A  member  of  Inchcape  Environmental 


\i%  // 


1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 


BEAUMONT 


DALLAS 


HOUSTON 


DATE  RECEIVED  :  18 -JUN-1993 


REPORT  NUMBER  :  D93- 7074-1 
REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

VW5:  7-8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 


DETECTION  LIMIT 


Alkalinity 


0.1  mg/KgCaC03 


Analyzed  using  EPA  310.1  on  18- JUN-1993  by  JCH 


Moisture  (Oven)  I _ 

Analyzed  using  ASTM  D2216  on  22-JUN-1993  by  RJS 


0.01  % 


515  mg/KgCaC03 


18.8  % 


714  mg/Kg 


Analyzed  using  EPA  9045  on  23- JUN-1993  by  BWB 


Total  Solids  j 

Analyzed  using  EPA  160.3  on  21 -JUN-1993  by  KOB 


u.u  i  % 


NDRC  Laboratories,  Inc. 


f)J- 


Martin  Jeff us 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93 -  7074-2 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW5:  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16- JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

r— 

O 

O 

85.7  % 

Analyzed  using  EPA  160.3  on  21-JUN-1993  by  KOB 

Martin  Jeffufe  ^ 
General  Manager 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

IP®  S  \  A  member  of  Inchcape  Environmental 


%jiV  ijf 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 


BEAUMONT 


DALLAS 


HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  :  D93-7074-3 
REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

VW6:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17-JUN-1993 


DETECTION  LIMIT 


Alkalinity 


0.1  mg/KgCaC03 


Analyzed  using  EPA  310.1  on  18-JUN-1993  by  JCH 


Moisture  (Oven) 


Analyzed  using  ASTM  D2216  on  22-JUN-1993  by  RJS 


Nitrogen,  Total  Kjeldahl  _ j _ ^ 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  25-JUN-1993  by  MKS 


0.01  % 


10.0  mg/Kg 


RESULTS 


464  mg/KgCaC03 


15.4  % 


308  mg/Kg 


Analyzed  using  EPA  9045  on  23-JUN-1993  by  BWB 


Total  Solids  _ | _ 

Analyzed  using  EPA  160.3  on  21-JUN-1993  by  KOB 


J.UI  % 


NDRC  Laboratories,  Inc. 


Martin  Jefftis 
General  Manager 


NDRC  Laboratories,  Inc. 

®  S  \  A  member  of  lochcape  Environmental 


// 


A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JTJN-1993 


REPORT  NUMBER  :  D93 -7074-4 
REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

VW7:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Alkalinity 

0.1  mg/KgCaC03 

206  mg/KgCaC03 

Analyzed  using  EPA  310.1  on  18- JUN-1993  by  JCH 

Nitrogen,  Total  Kjeldabl 
Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  25- JUN-1993  by  MKS 


Analyzed  using  EPA  9045  on  25 -JUN-1993  by  BWB 
Total  Solids 

Analyzed  using  EPA  160.3  on  21 -JUN-1993  by  KOB 


NDRC  Laboratories ,  Inc . 


Martin  Jefftis 
General  Manager 


NDRC  Laboratories,  Inc. 

®  H  \  A  member  of  Inchcape  Environmental 


A  member  of  fncbcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  :  D93 -7074-5 
REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

VW8:  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17-JUN-1993 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 
Alkalinity 


DETECTION  LIMIT 


0.1  mg/KgCaC03 


Analyzed  using  ERA  310.1  on  18-JUN-1993  by  JCH 


Moisture  (Oven) 


RESULTS 


361  mg/KgCaC03 


Analyzed  using  ASTM  D2216  on  22-JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0  mg/Kg 

504  mg/Kg 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  25-JUN-1993  by  MKS 

Analyzed  using  EPA  9045  on  23-JUN-1993  by  BWB 


Total  Solids  _  [ 

Analyzed  using  EPA  160.3  on  21-JUN-1993  by  K0B 


NDRC  Laboratories ,  Inc . _  (j  f i 

Martin  JefTfus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18 -JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93 -7074-6 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW8 :  Duplicate 
Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Alkal ini ty 

0.1  mg/KgCaC03 

412  mg/KgCaC03 

Analyzed  using  EPA  310.1  on  18- JUN-1993  by  JCH 

Moisture  (Oven) 

0.01  % 

21.1  % 

_ — - 

Analyzed  using  ASTM  02216  on  22- JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0  mg/Kg 

378  mg/Kg 

I  Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  25- JUN-1993  by  MKS 

pH  j 

8.7 

1  Anatyzed  using  EPA  9045  on  23 -JUN-1993  by  BWB 

Total  Solids 

0.01  % 

78.9  % 

Analyzed  using  EPA  160.3  on  21 -JUN-1993  by  K0B 

NDRC  Laboratories 


Inc . 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-7 
29  - JUN- 1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW9:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
18- JUN- 1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

- - - - 

Alkalinity 

0.1 

mg/KgCaC03 

309 

mg/KgCaC03 

Analyzed  using  EPA  310.1  on 

18- JUN-1993  by  JCH 

Moisture  (Oven) 

0.01 

% 

21.7 

% 

Analyzed  using  ASTM  D2216  on 

22- JUN-1993  by  RJS 

i 

Nitrogen,  Total  Kjeldaht 

10.0 

mg/Kg 

392 

mg/Kg 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  25- JUN- 1993  by  MKS 


Analyzed  using  EPA  9045  on  23- JUN -1993  by  BWB 
Total  Solids 

Analyzed  using  EPA  160.3  on  21- JUN- 1993  by  KOB 


% 


78.3 


% 


Martin  Jerfus 
General  Manager 


NDRC  Laboratories,  Inc. 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER 
REPORT  DATE 


D93-7074-8 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc . 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

SB2 :  7-8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
18-JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

0.01  % 

85.1  X 

— - — - - - - -  i 

Analyzed  using  EPA  160.3  on  21 -JUN-1993  by  KOB  j 

Martin  Jeffus 
General  Manager 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

A  member  of  I  neb  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-9 
29  - JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

SB2 :  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
18-JUN-1993 


MISCELLANEOUS  ANALYSES 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

0.01  % 

83.4  % 

Analyzed  using  EPA  160,3  on  21-JUN-1993  by  KOB 

Martin  Jeffus 
General  Manager 


NDRC  Laboratories ,  Inc . 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18 -JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-I 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW5:  7-8 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
16  -  JTJN- 1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

211  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  21 -JUN-1993  by  CCM 

Analyzed  using  EPA  6010  on  23- JUN-1993  by  KJS 

Martin  Jeffus 
General  Manager 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18- JUN-1993 


REPORT  NUMBER 
REPORT  DATE 


D93-7074-3 

29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW6:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

81.4  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  21 -JUN-1993  by  CCM 

Analyzed  using  EPA  6010  on  23- JUN-1993  by  KJS 

NDRC  Laboratories,  Inc. 


Martin  Jeffus 
General  .Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18 -JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-4 
29- JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW7:  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17-JUN-1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

67.7  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  21 -JUN-1993  by  CCM 

Analyzed  using  EPA  6010  on  23- JUN-1993  by  KJS 

NDRC  Laboratories, 


Inc 


General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


I 

I 

I 


DATE  RECEIVED  :  18-JUN-1993  REPORT  NUMBER  :  D93-7074-5 

REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 

SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 

Soil 

VW8 :  10-11 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
17- JUN-1993 


I 

I 

I 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7074-6 
29  - JUN- 1993 


SAMPLE  SUBMITTED  BY  : 

ADDRESS  : 

ATTENTION  : 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 

:  Soil 

:  VW8 :  Duplicate 
:  Bioventing  Pilot  Study 
:  AU380.01  Carswell  AFB 
:  17- JUN- 1993 

TOTAL  METALS 

- - - 

1  TEST  REQUESTED 

|  DETECTION  LIMIT 

RESULTS 

Phosphorus 

j  1.0  mg/Kg 

97.7  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  21 -JUN- 1993  by  CCM 
Analyzed  using  EPA  6010  on  23-JUN-1993  by  KJS 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  18-JUN-1993  REPORT  NUMBER  :  D93-7074-7 

REPORT  DATE  :  29-JUN-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 

PROJECT 
DATE  SAMPLED 


Soil 

VW9 :  9-10 

Bioventing  Pilot  Study 
AU380.01  Carswell  AFB 
18-JUN-1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

98.4  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  21-JUN-1993  by  CCM 

Analyzed  using  EPA  6010  on  23-JUN-1993  by  KJS 

i 

NDRC  Laboratories 


Inc. 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd..  Richardson.  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-1 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW12:  10-11 

AU380.01  Carswell  AFB  Biovent 
22- JUN-1993 
EPA  8020 
PSS 

28  - JUN- 1993 
250 


BTEX  ANALYSIS 

— 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

500 

A9/<9 

3800 

M9/Kg 

Toluene 

500 

m  g/Kg 

2600 

/ig/Kg 

Ethyl  benzene 

500 

A9/Xg 

2700 

jtg/Kg 

Xylenes 

| 

|  500 

1 _ 

A9/X  g 

5900 

/tg/Kg 

BTEX  (total) 

15000 

a  g/Kg 

u 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof l uorobenzeneC  SS ) 

50.0  /ig/Kg 

103  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


Inc. 


Martin  Jeff 
General  Manager 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-2 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering- Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW13 :  9-10 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  22-JUN-1993 
ANALYSIS  METHOD  :  EPA  8020 
ANALYZED  BY  :  RJD 
ANALYZED  ON  :  30-JUN-1993 
DILUTION  FACTOR  :  1000 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

2000  #ig/Kg 

<  2000  /tg/Kg 

— — - -  - 

Toluene 

2000  tLs/Kg 

54000  jig/Kg 

Ethyl  benzene 

2000  /tg/Kg 

17000  ti  g/Kg 

Xylenes  ! 

2000  fig/Kg 

52000  /ig/Kg 

BTEX  (total) 

123000  /tg/Kg  # 

- — - - - 1 

QUALITY  CONTROL  DATA  ] 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  Jig/Kg 

90.0  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


NDRC  Laboratories,  Inc. 


rtin  Jef frus  r* 


Martin 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24 -JUN-1993  REPORT  NUMBER  :  D93-7276-3 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW14:  9-10 

AU380.01  Carswell  AFB  Biovent 
23- JUN-1993 
EPA  8020 
RJD 

30- JUN-1993 
50 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

100  Jtg/Kg 

890  jig/Kg 

T  o 1 uene 

ioo  /tg/Kg 

2900  /ig/Kg 

i  Ethyl  benzene 

i 

100  /ig/Kg 

1500  Jtg/Kg 

j  Xylenes 

ioo  /ig/Kg 

7100  /tg/Kg 

BTEX  (total) 

12400  ftg/Kg  # 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

50.0  /tg/Kg 

121  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


NDRC  Laboratories, 


Inc. 


Martin  Jeffl 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Btvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-4 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW15:  11-12 

AU380.01  Carswell  AFB  Biovent 
23- JUN-1993 
EPA  8020 
PSS 

28- JUN-1993 
500 


BTEX  ANALYSIS 


TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

- - - 

Benzene 

1000 

#tg/Kg 

< 

1000 

/tg/Kg 

Toluene 

1000 

jig/Kg 

10000 

v-  g/Kg 

Ethyl  benzene 

1000 

/ig/Kg 

3400 

jtg/Kg 

Xylenes  i 

1000 

jig/Kg 

14000 

/ig/xg 

BTEX  (total) 

27400 

/ig/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

_ _ _ — — 

50.0  /ig/Kg 

115  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures 


■  Dm.  !'/ 


NDRC  Laboratories ,  Inc . 


Martin  Jeffvts"  * 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Incbcape  Environmental 


1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)  238-5591 
BEAUMONT  DALLAS 


FAX  (214)  238-5592 
HOUSTON 


DATE  RECEIVED  :  24-JUN-1993 


REPORT  NUMBER  :  D93-7276-5 
REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc.  _ 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
M-r  Rri  an  Vandercrlas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW16:  9-10 

AU380.01  Carswell  AFB  Biovent 
23- JUN-1993 
EPA  8020 
RJD 

30- JUN-1993 
500 


BTEX  ANALYSIS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Benzene 

1000 

A9/K9 

2800 

/ig/Kg 

Toluene 

1000 

A  g/Kg 

11000 

/ig/Kg 

Ethyl  benzene 

1000 

Ag/Kg 

6600 

jtg/Kg 

i - - - 

j  Xylenes 

1000 

. 

M9/Kg 

32000 

*ig/Kg 

* - - — - - r 

j  BTEX  (total)  | 

52400 

A9/<9  # 

1 - - — - - - 

_ _ _ _ _ — - - 1 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE 

LEVEL 

SPIKE 

RECOVERED 

Bromof luorobenzene(SS) 

50.0 

M9/Kg 

125 

% 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  nunber  of  significant  figures 


Inc.  _ L 


NDRC  Laboratories 


Martin  Jefftis 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993 


REPORT  NUMBER 
REPORT  DATE 


D93-7276-6 
8- JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

SB7 :  11-12 

AU380.01  Carswell  AFB  Biovent 
24- JUN-1993 
EPA  8020 
VLH 

1- JUL-1993 


BTEX  ANALYSIS 

.....  . . . . .  — - 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Benzene 

2.0 

M9/Kg 

< 

2.0 

/tg/Kg 

Toluene 

2.0 

/tg/Kg 

< 

2.0 

/ig/Kg 

Ethyl  benzene 

2.0 

»g/Kg 

< 

2.0 

/ig/Kg 

Xylenes 

2.0 

w/Kg 

< 

2.0 

/ig/Kg 

BTEX  (total) 

_ 

< 

2.0 

m  g/Kg 

# 

QUALITY  CONTROL  DATA 

SURROGATE  COMPOUND 

SPIKE  LEVEL 

SPIKE  RECOVERED 

Bromof luorobenzene(SS) 

i _ _ _ 

50.0  K9/<9 

119  % 

#  Based  upon  Good  Laboratory  Practice,  the  result  is  rounded  to  the  appropriate  number  of  significant  figures. 


Martin  Jeff 
General  Manager 


NDRC  Laboratories 


Inc 


NDRC  Laboratories,  Inc. 

A  member  of  I  rich  cape  Environmental 


1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93- 7276-1 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW12:  10-11 

AU380.01  Carswell  AFB  Biovent 
22- JUN-1993 
ASTM  D421/D422 
NJK 

2-JUL-1993 


GRADATION  REPORT 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1  % 

<  0.1  % 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1  % 

31.8  % 

Silt  (0.005  to  0.075  mm) 

0.1  % 

51.4  % 

Clay/Colloids  (<  0.005  mm) 

1 _ 1 

0.1  % 

i _ 

16.9  % 

,  Inc. 


YY 


NDRC  Laboratories 


Martin  Jeffu£  " 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993 


REPORT  NUMBER 
PR PORT  DATE 


D93-7276-2 
8- JUL-1993 


I 

I 

I 

I 


SAMPLE  SUBMITTED  BY 
ADDRESS 


Engineering -Science  Inc.  #  ^„TT 
7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW13:  9-10 

AU380.01  Carswell  AFB  Biovent 
22- JUN-1993 
ASTM  D421/D422 
NJK 

2- JUL-1993 


I 

I 

I 

I 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-3 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 


Soil 

VW14:  9-10 

AU380.01  Carswell  AFB  Biovent 
23  - JUN- 1993 
ASTM  D421/D422 
NJK 

2-JUL-1993 


GRADATION  REPORT 


TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Gravel  &  Coarse  Sand  (>  2.00  mm) 

0.1 

% 

< 

0.1 

% 

Medium  &  Fine  Sand  (0.075  to  2.00  mm) 

0.1 

% 

4.6 

% 

Silt  (0.005  to  0.075  mm) 

0.1 

% 

67.4 

% 

Clay/Colloids  (<  0.005  mm) 

0.1 

% 

28.0 

% 

,  Inc 


//c 


NDRC  Laboratories 


Martin  Jeffds  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-4 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering-Science  Inc.  _ 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW15 :  11-12 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  23-JUN-1993 
ANALYSIS  METHOD  :  ASTM  D421/D422 
ANALYZED  BY  :  NJK 
ANALYZED  ON  :  2-JUL-1993 


General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-5 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering- Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW16:  9-10 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  23-JUN-1993 
ANALYSIS  METHOD  :  ASTM  D421/D422 
ANALYZED  BY  :  NJK 
ANALYZED  ON  :  2-JUL-1993 


NDRC  Laboratories ,  Inc . 

General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  tnchcape  Environmental 

1089  East  Collins  Blvd..  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993 


REPORT  NUMBER  :  D93- 7276-1 
REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW12:  10-11 

AU380.01  Carswell  AFB  Biovent 

22-JUN-1993 

EPA  418.1 

CDR 

30- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 


— - - - 1 

j  TEST  REQUESTED 

DETECTION  LIMIT 

- - — - 

RESULTS 

|  Total  Petroleum  Hydrocarbon 

1 _ - _ 1 

100  mg/Kg 

L _ _ _ — - 

2900  mg/Kg 

'tirLdiiJftJj... ,  // 


NDRC  Laboratories,  Inc. 


Martin  Jeff US v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7276-2 
8- JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW13:  9-10 

AU380.01  Carswell  AFB  Biovent 
22 - JUN- 1993 
EPA  418.1 
CDR 

30- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 
l _ _ _ 

100  mg/Kg 

1400  mg/Kg 

,  Inc 


NDRC  Laboratories 


Martin  Jeffii^  » 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-3 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering-Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW14 :  9-10 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  23-JUN-1993 
ANALYSIS  METHOD  :  EPA  418.1 
ANALYZED  BY  :  CDR 
ANALYZED  ON  :  30-JUN-1993 
DILUTION  FACTOR  :  1 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24 -JUN-1993  REPORT  NUMBER  :  D93-7276-4 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW15:  11-12 

AU380.01  Carswell  AFB  Biovent 
23- JUN-1993 
EPA  418.1 
CDR 

30- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

100  mg/Kg 

1 _ _ _ 1 

3600  mg/Kg 

L . . . . 

NDRC  Laboratories, 


Inc. 


Martin  Jet^jds 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993 


REPORT  NUMBER  : 
REPORT  DATE  : 


D93-7276-5 

8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering- Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

VW16:  9-10 

AU380.01  Carswell  AFB  Biovent 
23- JUN-1993 
EPA  418.1 
CDR 

30- JUN-1993 
10 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

1 _ — - — - 

100  mg/Kg 

2600  mg/Kg 

Martin  Jeffus 
General  Manager 


NDRC  Laboratories 


NDRC  Laboratories,  Inc. 

A  member  of  Inches pe  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-6 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 
ANALYSIS  METHOD 
ANALYZED  BY 
ANALYZED  ON 
DILUTION  FACTOR 


Soil 

SB7 ■  11 - 12 

AU380.01  Carswell  AFB  Biovent 
24- JUN-1993 
EPA  418.1 
CDR 

30- JUN-1993 
1 


TOTAL  RECOVERABLE  PETROLEUM  HYDROCARBON 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Petroleum  Hydrocarbon 

10  mg/Kg 

■ 

<  10  mg/Kg 

I - — 

i/i 


NDRC  Laboratories 


Inc 


Martin  Jeffhs  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blv<±,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93- 7276-1 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW12 :  10-11 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  22-JUN-1993 


MISCELLANEOUS  ANALYSES 

... 

TEST  REQUESTED 

.... 

DETECTION  LIMIT 

RESULTS 

' 

Alkalinity 

0.1  mg/KgCaC03 

1310  mg/KgCaC03 

Analyzed  using  EPA  310.1  on  28-JUN-1993  by  BWB 


1  Moisture  (Oven) 

_ 

0.01  % 

_ _ _ 

14.0 

% 

Analyzed  using  ASTM  D2216  on  25-JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0  mg/Kg 

280 

mg/Kg 

1 - — 

|  Di lution  Factor  :  1 

|  Analyzed  using  EPA  351.3  on  28-JUN-1993  by  MKS 

NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-2 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

VW13:  9-10 

AU380.01  Carswell  AFB  Biovent 
22- JUN-1993 


I 


MISCELLANEOUS  ANALYSES 


- — — - “1 

TEST  REQUESTED  J 

DETECTION  LIMIT 

RESULTS 

Alkalinity 

0.1  mg/KgCaC03 

1350  mg/KgCaC03 

Analyzed  using  EPA  310.1  on  28- JUN-1993  by  BWB 

Moisture  (Oven) 

0.01  % 

16.2  % 

- - — — — - — 

Analyzed  using  ASTM  D2216  on  25-JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0  mg/Kg 

140  mg/Kg 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  28- JUN-1993  by  MKS 

pH  ] 

8.8 

Analyzed  using  EPA  9045  on  25 -JUN-1993  by  BWB 

Total  Solids 

0.01  % 

83.8  X 

Analyzed  using  EPA  160.3  on  28-JUN-1993  by  KOB 

NDRC  Laboratories ,  Inc . 


Martin  Jeff^  (j 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-3 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering-Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW14 :  9-10 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  23-JUN-1993 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Alkalinity 

0.1  mg/KgCaC03 

490  mg/KgCaC03 

Analyzed  using  EPA  310.1  on  28-JUN-1993  by  BUS 

Moisture  (Oven) 

0.01  % 

19.8  % 

Analyzed  using  ASTM  D2216  on  25-JUN-1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

i  . _ 

10.0  mg/Kg 

350  mg/Kg 

Dilution  Factor  :  1  1 

Analyzed  using  EPA  351.3  on  28-JUN-1993  by  MKS 

NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-4 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

VW15:  11-12 

AU380.01  Carswell  AFB  Biovent 
23  - JUN- 1993 


MISCELLANEOUS  ANALYSES 

- I 

TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Alkalinity 

0.1 

mg/KgCaC03 

1260 

mg/KgCaC03 

Analyzed  using  EPA  310.1  on  28-JUN-1993  by  BWB 

Moisture  (Oven) 

0.01 

% 

. 

13.4 

— 

% 

l  Analyzed  using  ASTM  D2216  on  25- JUN- 1993  by  RJS 

Nitrogen,  Total  Kjeldahl 

10.0 

mg/Kg 

252 

mg/Kg 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  28 -JUN -1993  by  MKS 

_ i _ 

9.1 

Analyzed  using  EPA  9045  on  25 -JUN -1993  by  BWB 

Total  Solids 

0.01 

% 

86.6 

7. 

Analyzed  using  EPA  160.3  on  28- JUN- 1993  by  K0B 

Inc . 


NDRC  Laboratories 


Martin  Jeffhs  v 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-5 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

VW16:  9-10 

AU380.01  Carswell  AFB  Biovent 
23  - JUN- 1993 


MISCELLANEOUS  ANALYSES 


TEST  REQUESTED 

DETECTION 

LIMIT 

RESULTS 

Alkalinity 

0.1 

mg/KgCaC03 

1360 

mg/KgCaC03 

Anatyzed  using  EPA  310.1  on  28- JUN- 1993  by  BWB 

Moisture  (Oven) 

0.01 

% 

.  .. 

14.0 

% 

Analyzed  using  ASTM  D2216  on  25-JUN-1993  by  RJS 

_ _ _ _ _ 1 

1— - 

Nitrogen,  Total  Kjeldahl 

10.0 

mg/Kg 

280 

mg/Kg 

Dilution  Factor  :  1 

Analyzed  using  EPA  351.3  on  28-JUN-1993  by  MKS 


pH 


Analyzed  using  EPA  9045  on  30 -JUN -1993  by  BWB 


Total  Solids 


Analyzed  using  EPA  160.3  on  28- JUN- 1993  by  KOB 


0.01 


% 


P  8.6 

J _ 


86.0  % 


NDRC  Laboratories ,  Inc . 


Martin  Jeffus 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inches pe  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-6 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

SB7 :  11-12 

AU380.01  Carswell  AFB  Biovent 
24- JUN-1993 


MISCELLANEOUS  ANALYSES 

. . . . — - 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Total  Solids 

L - - — - 

0.01  % 

88.4  X 

Analyzed  using  EPA  160.3  on  6-JUL-1993  by  CLM 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93- 7276-1 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

VW12:  10-11 

AU380.01  Carswell  AFB  Biovent 
22-JUN-1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

1.0  mg/Kg 

76.9  mg/Kg 

Dilution  Factor  :  1 

Prepared  using  EPA  3051  on  25-JUN-1993  by  CCM 

Analyzed  using  EPA  6010  on  29-JUN-1993  by  KJS 
- - - — - 

Martin  Jef flits 
General  Manager 


NDRC  Laboratories ,  Inc . 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-2 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering -Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr .  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

VW13:  9-10 

AU380.01  Carswell  AFB  Biovent 
22  - JUN- 1993 


TOTAL  METALS 


TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

|  Phosphorus 

\  . . 

1.0  mg/Kg 

73.5  mg/Kg 

Prepared  using  EPA  3051  on  25- JUN- 1993  by  CCM 
Analyzed  using  EPA  6010  on  29- JUN -1993  by  KJS 


NDRC  Laboratories,  Inc 


Martin  Jeff us 
General  Manager 


NDRC  Laboratories,  Inc. 

A  member  of  Inch  cape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-3 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY 
ADDRESS 

ATTENTION 


Engineering-Science  Inc. 

7800  Shoal  Creek  Blvd,  Suite  222W 
Austin,  TX  78757 
Mr.  Brian  Vanderglas 


SAMPLE  MATRIX 
ID  MARKS 
PROJECT 
DATE  SAMPLED 


Soil 

VW14:  9-10 

AU380.01  Carswell  AFB  Biovent 
23-JUN-1993 


TOTAL  METALS 

TEST  REQUESTED 

DETECTION  LIMIT 

RESULTS 

Phosphorus 

. j 

1-0  mg/Kg 

90.9  mg/Kg 

j  Dilution  Factor  :  1 

I  Prepared  using  EPA  3051  on  25-JUN-1993  by  CCM 

Analyzed  using  EPA  6010  on  29-JUN-1993  by  KJS 

NDRC  Laboratories, 


Inc 


Martin  Jeffufe  _ 
General  Manager 


ff 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)  238-5591  •  FAX  (214)  238-5592 
BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D93-7276-4 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  222W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW15:  11-12 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  23-JUN-1993 


General  Manager 


NDRC  Laboratories ,  Inc . 


NDRC  Laboratories,  Inc. 

A  member  of  Inchcape  Environmental 

1089  East  Collins  Blvd.,  Richardson,  Texas  75081  •  (214)238-5591  •  FAX  (214)  238-5592 

BEAUMONT  DALLAS  HOUSTON 


DATE  RECEIVED  :  24-JUN-1993  REPORT  NUMBER  :  D9 3 -72 76 -5 

REPORT  DATE  :  8-JUL-1993 


SAMPLE  SUBMITTED  BY  :  Engineering -Science  Inc. 

ADDRESS  :  7800  Shoal  Creek  Blvd,  Suite  22 2W 
:  Austin,  TX  78757 
ATTENTION  :  Mr.  Brian  Vanderglas 

SAMPLE  MATRIX  :  Soil 

ID  MARKS  :  VW16:  9-10 
PROJECT  :  AU380.01  Carswell  AFB  Biovent 
DATE  SAMPLED  :  23-JUN-1993 


NDRC  Laboratories,  Inc. 


Martin  Jeffi! 
General  Manager 


Appendix  D 


Lithologic  Logs 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


ICLIENT:  CARSWELL  AFB 


WELL  NUMBER:  VENT  WELL  1  (VW1) 


IROJECT:  STM  BIOVENT  PILOT  STUDY 


TOTAL  DEPTH:  16.5 


PRILLING  FIRM:  PROFILE  FIELD  SERVICES 


WELL  COMPLETION:  25  MAY  1993 


1RILLING  RIG:  CME75  HSA 


BOREHOLE  DIAMETER:  9  in. 


LOGGED  BY:  BRIAN  VANDERGLAS 


CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.32"  SLOT  SIZE 
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LITHOLOGIC  DESCRIPTION 


GRAPHIC 

LOG 


CLAY,  dark  brownish,  black  with  gravel,  moist,  slight 
odors  observed.  OVA  scan  =  30  ppm. 


CLAY,  olive  gray,  some  sand,  few  gravel,  damp, 
odors  observed. 


SANDY  CLAY,  light  olive  gray  (mottled),  few 
carbonate  nodules,  moist,  strong  odors. 


Olive  gray  medium  to  coarse  SAND  with  small 
GRAVEL,  saturated,  strong  odors. 


GRAVEL 


Total  Depth  -  16.5  ft. 
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WELL  DIAGRAM 
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FILE:  VW1 


ENGINEERING-SCIENCE.  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB 

WELL  NUMBER:  VENT  WELL  2  (VW2) 

PROJECT:  STM  BIOVENT  PILOT  STUDY 

TOTAL  DEPTH:  16.5 

DRILLING  FIRM:  PROFILE  FIELD  SERVICES 

WELL  COMPLETION:  15  JUNE  1993 

DRILLING  RIG:  CME75  HSA 

BOREHOLE  DIAMETER:  9  in. 

LOGGED  BY:  BRIAN  VANDERGLAS 

CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 

- - - - j 

_l  >“ 

<  cc 
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3.8 


2 

LU  ° 

a!  g 

S  < 
< 

CO  O 
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150 


(>5000) 


(2000) 

350 
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2.5 


3000 


1300 


LITHOLOGIC  DESCRIPTION 


Dark,  olive  gray  to  black  CLAY  with  gravel,  damp, 
hydrocarbon  odors  observed,  OVA  scan  =  150  ppm. 


Dark  olive  gray  SILTY  CLAY,  plastic,  damp,  fuel 
odors  observed,  OVA  scan  =  100  -  300  ppm. 


Olive  gray  SILTY  CLAY  with  some  medium  gravel  and 
CaC03  nodules,  damp.  Slight  mottling  and  odors 
observed  increasing  sand  content  with  depth. 


Olive  gray  CLAYEY  SAND,  moist,  odors. 


Olive  gray  fine  to  medium  SAND,  trace  clay,  wet. 
OVA  scan  =  1300  ppm. 


Light  yellowish  brown  SANDY  GRAVEL  with  medium 
to  fine  pebbles  and  coarse  sand,  saturated,  light 
hydrocarbon  odor. 


Total  Depth  =  16.5  ft. 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


TCLIENT:  CARSWELL  AFB 


WELL  NUMBER:  VENT  WELL  3  (VW3) 


30JECT:  ST14  BIOVENT  PILOT  STUDY 


TOTAL  DEPTH:  18.0 


DRILLING  FIRM:  PROFILE  FIELO  SERVICES 


WELL  COMPLETION:  16  JUNE  1993 


■RILLING  RIG;  CME75  HSA 


BOREHOLE  DIAMETER:  9  in. 


LOGGED  BY:  BRIAN  VANDERGLAS 


CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 


LITHOLOGIC  DESCRIPTION 


GRAPHIC 

LOG 


WELL  DIAGRAM 


Dark  olive  gray  SILTY  CLAY  with  some  small  to 
medium  gravel  and  nodules,  damp,  no  odors. 


Dark  olive  gray  CLAY,  many  small  carbonate 
nodules,  very  firm.  damp. 
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Light  olive  gray  CLAYEY  fine  SAND,  wet. 


Weathered  shale  material  encountered. 


Rock  encountered  (no  sample  collected). 
Total  Depth  =  18.0  ft. 
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FILE:  VW3 


SCREENED  INTERVAL 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB 

WELL  NUMBER:  VENT  WELL  4  (VW4) 

PROJECT:  S T 14  BIOVENT  PILOT  STUDY 

TOTAL  DEPTH:  18.0 

DRILLING  FIRM:  PROFILE  FIELD  SERVICES 

WELL  COMPLETION:  16  JUNE  1993 

DRILLING  RIG:  CME75  HSA 

BOREHOLE  DIAMETER:  9  in. 

LOGGEO  BY:  BRIAN  VANDERGLAS 

- _ - - r - 1 - - 

CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 
- - - 1 

ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB  _ 

PROJECT:  STM  BIOVENT  PILOT  STUDY 
DRILLING  FIRM:  PROFILE  FIELD  SERVICES 
DRILLING  RIG:  CME75  HSA 
LOGGED  BY:  BRIAN  VANDERGLAS 


WELL  NUMBER:  VENT  WELL  6  (VW6) _ 

TOTAL  DEPTH:  18.0 

WELL  COMPLETION:  17  JUNE  1993 

BOREHOLE  DIAMETER:  9  in. 

CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 
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LITHOLOGIC  DESCRIPTION 


GRAPHIC 

LOG 


WELL  DIAGRAM 


No  recovery. 


Dark  olive  gray  to  black  CLAY,  very  plastic,  some 
medium  to  large  gravel,  slight  odor. 


(3400)  0live  gray  SILTY  CLAY,  medium  gravel,  odors. 


Light  olive  gray  to  gray  clayey  SAND  to  mostly 
sand  at  9.5’  bgs.,  strong  odors 


Yyyyyy''/1 

'///////y/y/// 


Total  Depth  =  18.0  ft. 


FILE:  VW6 


SCREENED  INTERVAL  - H  BENTONITE  SEAL 


ENGINEERING-SCIENCE.  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB 


ROJECT:  STM  BIOVENT  PILOT  STUDY 


DRILLING  FIRM:  PROFILE  FIELD  SERVICES 


HILLING  RIG:  CME75  HSA 


LOGGEO  BY:  BRIAN  VANDERGLAS 


WELL  NUMBER:  VENT  WELL  7  (VW7) 


TOTAL  DEPTH:  18.0 


WELL  COMPLETION:  17  JUNE  1993 


BOREHOLE  DIAMETER:  9  in. 


CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 


_ i  >-  -e  z: 

<  CC  Ol  O  < 
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LITHOLOGIC  DESCRIPTION 


GRAPHIC 

LOG 


WELL  DIAGRAM 


No  recovery. 


Black  CLAY  with  medium  GRAVEL,  damp. 


Olive  gray  SILTY  CLAY,  with  some  gravel,  damp, 
mottling  from  8.5*  to  10’bgs.  Strong  hydrocarbon 
odors  observed. 


'yyyy* 

'VVY''/' 
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/yyyy' 

mm 

my// 
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Olive  gray  CLAYEY  SAND,  moist,  odors  observed. 


Total  Depth  =  18.0  ft. 


FILE:  VW7 


SCREENED  INTERVAL 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB 


PROJECT:  STM  BIOVENT  PILOT  STUDY 


WELL  NUMBER:  VENT  WELL  8  (VW8) 


TOTAL  DEPTH:  17.0 


DRILLING  FIRM:  PROFILE  FIELD  SERVICES 


WELL  COMPLETION:  17  JUNE  1993 


DRILLING  RIG:  CME75  HSA 


BOREHOLE  DIAMETER:  9  in. 


LOGGED  BY:  BRIAN  VANDERGLAS 


>-  z  z 

<  cc  UJ  2  <  r 
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CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 


GRAPHIC 


LITHOLOGIC  DESCRIPTION 


WELL  DIAGRAM 


CLAY  and  GRAVEL  fill  material. 


Olive  gray  SILTY  CLAY,  slight  odors  detected. 


Yellowish-brown  SILTY  CLAY  with  many  medium 
gravel. 


Olive  gray  fine  SANDY  CLAY,  slightly  damp,  few 
pebbles. 


Yyyyy////‘ 

yY^/yYyy 


Olive  gray  SILTY  CLAY,  damp,  plastic,  strong 
odors. 


Olive  gray  fine  CLAYEY  SAND,  moist,  firm,  strong 
hydrocarbon  odors. 


%  //  „  //  „  ft 


Total  Depth  -  17.0  ft. 


FILE:  VW8 


SCREENED  INTERVAL  - H  BENTONITE  SEAL 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


(CLIENT:  CARSWELL  AFB 


ROJECT:  STM  BIOVENT  PILOT  STUDY 


WELL  NUMBER:  VENT  WELL  9  (VW9) 


TOTAL  DEPTH:  17.0 


PRILLING  FIRM:  PROFILE  FIELD  SERVICES 


RILLING  RIG:  CME75  HSA 


WELL  COMPLETION:  18  JUNE  1993 


BOREHOLE  DIAMETER:  9  in. 


LOGGED  BY:  BRIAN  VANDERGLAS 


CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36’*  SLOT  SIZE 
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LITHOLOGIC  DESCRIPTION 


Black  CLAY  with  GRAVEL,  no  odors  detected. 


Dark  olive  gray  SILTY  CLAY  with  small  to  medium 
gravel,  slightly  damp,  no  odors. 


GRAPHIC 

LOG 


WELL  DIAGRAM 


Olive  gray  SILTY  CLAY,  to  clay  loam,  no  odors. 


Olive  gray  fine  SANDY  CLAY,  damp  to  moist,  strong 
hydrocarbon  odors. 


Total  Depth  =  1/.0  ft. 
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ENGINEERING-SCIENCE.  INC. 
VENT  HELL  COMPLETION 


CLIENT:  CARSWELL  AFB 


PROJECT:  STM  BIOVENT  PILOT  STUDY 


DRILLING  FIRM:  PROFILE  FIELD  SERVICES 


DRILLING  RIG:  CME75  HSA 


LOGGED  BY:  BRIAN  VANDERGLAS 


WELL  NUMBER:  VENT  WELL  10  (VW10) 


TOTAL  DEPTH:  16.5 


WELL  COMPLETION:  22  JUNE  1993 


BOREHOLE  DIAMETER:  9  in. 


CASING/SCREEN:  4  in.  SCHEO.  40  PVC.  0.36"  SLOT  SIZE 
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LITHOLOGIC  DESCRIPTION 


Black  CLAY,  some  GRAVEL,  very  plastic,  damp  to 
moist. 


Dark  olive  gray  SILTY  CLAY,  few  caliche  nodules, 
firm,  slight  odor. 

Light  reddish  brown  SILTY  CLAY,  small  caliche 
nodules  and  trace,  firm,  damp,  wet  gravel  seam  at 
5.5’bgs. 


Olive  gray  SILTY  CLAY,  damp,  very  firm,  slight 
odors,  increasing  with  depth. 


WELL  DIAGRAM 


Olive  gray  fine  SANDY  CLAY,  firm,  very  plastic  and 
damp.  Soft  zone  at  10.5  -  ll’bgs. 


Total  Depth 


FILE:  VWIO 


SCREENED  INTERVAL  . . . H  BENTONITE  SEAL 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


ENGINEERING-SCIENCE.  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB 


PROJECT:  ST14  BIOVENT  PILOT  STUDY 


DRILLING  FIRM:  PROFILE  FIELD  SERVICES 


DRILLING  RIG:  CME75  HSA 


LOGGED  BY:  BRIAN  VANDERGLAS 


WELL  NUMBER:  VENT  WELL  12  (VW12) 


TOTAL  DEPTH:  16.5 


WELL  COMPLETION:  22  JUNE  1993 


BOREHOLE  DIAMETER:  9  in. 


CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 
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LITHOLOGIC  DESCRIPTION 


Olive  gray  SILTY  CLAY  with  caliche  nodules  and 
some  gravel.  Fuel  odors  observed. 


Dark  olive  gray  to  black  CLAY,  very  plastic,  damp, 
few  caliche  nodules,  slight  odors. 


GRAPHIC 
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WELL  DIAGRAM 


Olive  gray  SILTY  CLAY,  trace  nodules  and  small 
gravel,  damp,  increasing  odors. 


Olive  gray  to  light  gray  SANDY  CLAY  with  some 
coarse  sand,  plastic,  fuel  odorsvery  noticeable. 


//////////yy/ 


Olive  gray  CLAYEY  SAND,  wet  at  12.5’bgs.  Odors 
observed. 


Total  Depth 


FILE:  VW12 


SCREENED  INTERVAL  - H  BENTONITE  SEAL 


CLIENT:  CARSWELL  AFB  _ 

BrOJECT:  STM  BIOVENT  PILOT  STUDY 
[PRILLING  FIRM:  PROFILE  FIELD  SERVICES 
■RILLING  RIG:  CME75  HSA 
LOGGED  BY:  BRIAN  VANOERGLAS 
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ENGINEERING-SCIENCE.  INC. 
VENT  NELL  COMPLETION 


LITHOLOGIC  DESCRIPTION 


WELL  NUMBER:  VENT  WELL  13  (VW13) 

TOTAL  DEPTH:  18.0 

WELL  COMPLETION:  23  JUNE  1993 _ 

BOREHOLE  DIAMETER:  9  in. 

CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 


GRAPHIC 

LOG 


WELL  DIAGRAM 


No  recovery. 


Olive  gray  SILTY  CLAY,  slight  odors. 


Black  CLAY,  few  gravel,  plastic,  damp,  very  firm,  no 
odors. 


Olive  gray  SANDY  CLAY,  plastic,  damp,  firm,  odors 
noticeable. 


Olive  gray  fine  SAND,  trace  clay,  moist,  strong 
hydrocarbon  odors.  Wet  at  12'bgs. 
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Total  Depth  =  18  ft. 


FILE:  VW13 


SCREENED  INTERVAL  - H  k  BENTONITE  SEAL 


ENGINEERING-SCIENCE.  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB 


PROJECT:  STM  BIOVENT  PILOT  STUDY 


DRILLING  FIRM:  PROFILE  FIELD  SERVICES 
DRILLING  RIG:  CME75  HSA 


LOGGED  BY:  BRIAN  VANDERGLAS 


WELL  NUMBER:  VENT  WELL  14  (VWM) 


TOTAL  DEPTH:  17.5 


WELL  COMPLETION:  23  JUNE  1993 


BOREHOLE  DIAMETER:  9  in. 


CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 
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LITHOLOGIC  DESCRIPTION 


No  recovery  due  to  gravel  in  split  spoons. 


GRAPHIC 

LOG 


Dark  brown  SILTY  CLAY,  some  small  to  medium 
gravel,  firm,  damp,  no  odors. 

Olive  gray  fine  SANDY  CLAY,  plastic,  damp,  firm  to 
very  firm,  odors  observed. 


05000) 


Olive  gray  and  mottling  CLAYEY  fine  SAND,  odors. 


Total  Depth  ~  17.5  ft. 


WELL  DIAGRAM 


FILE:  VW14 


SCREENED  INTERVAL  - H  BENTONITE  SEAL 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB 


TOJECT:  STM  BIOVENT  PILOT  STUDY 


DRILLING  FIRM:  PROFILE  FIELD  SERVICES 


IR1LL1NG  RIG:  CME75  HSA 


LOGGED  BY:  BRIAN  VANDERGLAS 


WELL  NUMBER:  VENT  WELL  15  (VW15) 


TOTAL  DEPTH:  18.0 


WELL  COMPLETION:  23  JUNE  1993 


BOREHOLE  DIAMETER:  9  in. 


CASING/SCREEN:  4  in.  SCHED.  40  PVC.  C.36"  SLOT  SIZE 


_l  >- 

z 

z: 

<  oc 

LU  o 

<c 

>  LLJ 

rT*  1 — 

o 

csz  > 

LU  O 

X  ■** 

CO 

1 —  o 

o 

3  UJ 
—  DC 

co  o 

UL 

LITHOLOGIC  DESCRIPTION 


Black  CLAY,  very  plastic,  damp,  some  gravel,  no 
odors. 


GRAPHIC 

LOG 


WELL  DIAGRAM 


Olive  gray  SILTY  CLAY,  damp,  slight  odor. 


/////////////. 
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Black  CLAY,  plastic,  few  gravel,  very  firm. 


Olive  gray  SILTY  CLAY  with  small  caliche  nodules. 
Increasing  sand  content  below  8.5’,  damp,  very 
firm,  odors. 
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Olive  gray  CLAYEY  SAND,  moist,  wet  at  12*.  odors 
observed. 


GRAVEL. 
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Total  Depth  =  18  ft. 


FILE:  VW15 


ENGINEERING-SCIENCE,  INC. 
VENT  NELL  COMPLETION 


CLIENT:  CARSWELL  AFB  _ 

PROJECT:  STM  BIOVENT  PILOT  STUDY 
DRILLING  FIRM:  PROFILE  FIELD  SERVICES 
DRILLING  RIG:  CME75  HSA 
LOGGED  BY:  BRIAN  VANDERGLAS 
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WELL  NUMBER:  VENT  WELL  16  (VW16) _ 

TOTAL  DEPTH:  18.0  _ 

WELL  COMPLETION:  23  JUNE  1993 _ 

BOREHOLE  DIAMETER:  9  in. 

CASING/SCREEN:  4  in.  SCHED.  40  PVC,  0.36"  SLOT  SIZE 


LITHOLOGIC  DESCRIPTION 


Black  CLAY,  very  plastic,  firm,  damp,  no  odors. 


GRAPHIC 

LOG 


WELL  DIAGRAM 


Olive  gray  SILTY  CLAY,  firm,  damp,  slight  odors. 


Dark  olive  gray  CLAY,  few  nodules,  very  plastic, 
damp,  slight  odors. 


Olive  gray  SILTY  CLAY  with  common  small  caliche 
nodules,  very  firm,  damp,  slight  odors. 
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Olive  gray  fine  CLAYEY  SAND,  strong  odors. 


Olive  gray  fine  SAND,  trace  clay,  wet  at  12.5'bgs. 
Strong  odors. 


Total  Depth  =  18  ft. 
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LITHOLOGIC  AMO 
CHARACTERISTIC 
DESCRIPTION 
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Appendix  E 


Design  Drawings  and  Specifications 


v)GAST  REGENAIR"  Blowers 


FOR  SOIL  VAPOR 


1 


designed  to  supply  up  to 
420  cfm  (714m  3/hr), 

7  in  Hg/224  mbar  (90"  H20)  or 
4  psi/249  mbar  (100"  HaO) 

The  Gast  reputation  for  quality  and  customer  sat¬ 
isfaction  is  renowned  throughout  the  world.  Since 
1921  we  have  been  supplying  air  moving  prod¬ 
ucts  that  have  set  the  industry  standard  of  excel¬ 
lence.  Our  regenerative  blowers  for  soil  vapor 
extraction  are  no  exception.  Designed  to  extract 
vapors  from  contaminated  soils,  these  models  are 
used  in  conjunction  with  site-supplied  special  fil¬ 
ters  which  clean  the  contaminants  before  venting 
them  to  the  atmosphere.  Since  this  process  can 
take  months  or  even  years,  Gast  environmental 
blowers  are  a  perfect  solution;  the  only  wearing 
part  is  the  bearing,  which  is  rated  for  up  to 
25,000  hours  of  service.  Also,  each  of  our  motor- 
mounted  models  comes  with  a  Class  1  Group  D 
explosion-proof  motor  as  a  standard  feature. 
Combining  this  quality  with  the  strongest  warranty 
in  the  business  and  a  vast  national  and  interna¬ 
tional  distribution  network  providing  product  and 
technical  support,  we  think  you'll  find  our  special 
Gast  Regenair®  blowers  to  be  the  right  choice  for 
your  soil  vapor  extraction  needs. 

MODEL  R4  SERIES 

48"  H20  MAX.  VAC.,  51"  H20  MAX.  PRESSURE 
92  CFM  OPEN  FLOW 

MODEL  R5  SERIES 

60"  H20  MAX.  VAC.,  65"  H20  MAX.  PRESSURE 
160  CFM  OPEN  FLOW 

MODEL  R6  SERIES 

70"  H20  MAX.  VAC.,  75"  H20  MAX.  PRESSURE 
215  CFM  OPEN  FLOW 

MODEL  R6P  SERIES 

85"  HjO  MAX.  VAC.,  100"  H20  MAX.  PRESSURE 
280  CFM  OPEN  FLOW 

MODEL  R7  SERIES 

90"  H20  MAX.  VAC.,  90"  H20  MAX.  PRESSURE 
420  CFM  OPEN  FLOW 


PRODUCT  FEATURES 

•  Explosion-proof  motors  UL  (class  1,  group  D) 

•  Sealed  air  stream 

•  Rugged  construction 

•  Low  maintenance 


Product  Dimensions  Metric  (mm)  U.S.  Imperial  (inches) 


Model 

A 

B 

c 

D 

E 

F 

G 

H 

i 

j 

K 

L  M  N  0 

R4110N-50 

157 

43 

389 

95 

72 

316 

313 

50 

101 

225 

227 

254  293  175  11 

6.18 

1.68 

15.30  3.75 

2.85  12.44  12.31 

1.98 

3.96 

8.86 

8.93 

10.00  11.73  6.88  .44 

R4310P-50 

157 

43 

356 

95 

72 

316 

313 

50 

101 

225 

227 

254  293  175  11 

6.18 

1.68 

14.03  3.75 

2.84  12.44  12.31 

1.98 

3.96 

8.86 

8.93 

10.00  11.73  6.88  .44 

R5125Q-50 

178 

46 

445 

114 

91 

361 

344 

60 

121 

260 

262 

298  350  173  15 

7.00 

1.82 

17.50 

4.50 

3.58 

14.22  13.56 

2.38 

4.75 

10.25  10.31 

11.75  13.78  6.81  .59 

R5325R-50 

178 

46 

423 

114 

91 

361 

344 

60 

121 

260 

262 

298  350  183  15 

7.00 

1.82 

16.66  4.50 

3.58 

14.22  13.56 

2.38 

4.75 

10.25  10.31 

11.75  13.78  7.19  .59 

R6130Q-5Q 

197 

49 

511 

140 

98 

404 

389 

62 

125 

289 

290 

329  391  217  13 

7.75 

1.94 

20.13  5.50 

3.85 

15.89  15.30 

2.46 

4.92 

11.38  11.42  12.96  15.38  8.56  .52 

R6P1550Q-50 

248 

80 

602 

140 

137 

438 

428 

64 

127 

- 

290 

325  463  257  13 

9.77 

3.15 

23.7 

5.51 

5.39 

17.25  16.87 

2.50 

5.00 

- 

11.42  12.80  18.21  10.12  .50 

R6P355R-50 

248 

80 

554 

140 

137 

438 

428 

64 

127 

- 

290 

325  463  257  13 

9.77 

3.15 

21.80  5.51 

5.39 

17.25  16.87 

2.50 

5.00 

- 

11.42  12.80  18.21  10.12  .50 

R7100R-50 

274 

92 

577 

216 

212 

545 

457 

100 

200 

- 

375 

410  509  257  14 

10.79 

3.64 

22.72  8.50 

8.33  21.46  18.00 

3.94 

7.88 

- 

14.76  16.14  20.02  10.12  .56 

Notice:  Specifications  subject  to  change  without  notice. 


R4  Series 
R5  Series 
R6  Series 


R7  Series 


More  models  may  be  available  -  please  consult  factory 


EXTRACTION... 


Product  Specifications 


Model 

Hz 

Motor  Specs 

Full  Load 

HP 

RPM 

Mix  Vac 

Max  Pressure 

Max  Flow 

NeLWL 

Number 

Amps 

"HjO 

mbar 

"H20 

mbar 

cfm 

msh 

lbs. 

kg. 

R4110N-5G 

50 

110/220-240-50-1* 

9.2/5.24.6 

0.6 

2850 

35 

87 

38 

95 

74 

126 

60 

28 

60 

115/208-230-60-1* 

11.4/6.2-5.6 

1.0 

3450 

48 

120 

51 

127 

92 

156 

R4310P-50 

50 

220/380-50-3* 

3.2/1.6 

0.6 

2850 

35 

87 

38 

95 

74 

126 

58 

27 

60 

208-230/460-60-3* 

3.4-3.3/1.65 

1.0 

3450 

48 

120 

51 

127 

92 

156 

R5125Q-50 

60 

115/23060-1 

25/12.5 

2.0 

3450 

60 

149 

55 

137 

160 

272 

77 

35 

R5325R-50 

50 

190-220/380415-50-3 

5.04.4/2.5-2.6 

1.5 

2850 

47 

117 

50 

125 

133 

226 

75 

34 

60 

208-230/460-60-3 

6.0-5.6/2.8 

2.0 

3450 

60 

149 

65 

162 

160 

272 

R6130Q-S0 

50 

220-240-50-1 

14.7-13.5 

2.5 

2850 

65 

162 

75 

187 

182 

309 

129 

59 

60 

23060-1 

16.3 

3.0 

3450 

70 

174 

60 

149 

215 

365 

R6P155Q-50 

50 

220-240-50-1 

20.8-19.1 

4.0 

2850 

65 

162 

80 

199 

235 

399 

243 

110 

60 

23060-1 

29.9 

5.5 

3450 

85 

212 

95 

237 

280 

476 

R6P355R-50 

50 

190-220/380415-50-3 

14.9-11/7.45-5.8 

4.5 

2850 

65 

162 

80 

199 

232 

394 

233 

105 

60 

208-230/460-60-3 

20-18/9 

6.0 

3450 

85 

212 

100 

249 

280 

476 

R7100R-50 

50 

190-220/380415-50-3 

20.8-18.9/10.4-9.5 

8 

2850 

72 

179 

80 

199 

350 

595 

297 

134 

60 

208-230/46060-3 

26.5-24/12 

10 

3450 

90 

224 

90 

224 

420 

714 

‘Models  have  automatic  reset  thermal  protection. 


Blower  Accessories 


In-line  Filters 

The  impeller  of  a  blower  passes  very 
close  to  the  housing.  It  is  always  wise 
to  have  an  inlet  or  in-line  filter  to 
ensure  troublefree  life. 


Model  No. 

R4 

R5 

R6,R6P 

R7 

Part  No. 

AJ151D 

AJ151E 

AJ151G 

AJ151H 

Replacement  Element 

AJ135E 

AJ135F 

AJ135G 

AJ135C 

Micron 

10 

10 

10 

10 

Vacuum  and  Pressure  Gauges 

To  monitor  the  system  performance  so  as  not  to 
exceed  maximum  duties.  Using  two  (one  on  each 
side  of  the  filter)  is  a  great  way  to  know  when  the 
filter  needs  servicing. 

•  Vacuum  Gauge,  Part  #AJ497, 2  5/8"  Dia.,  1/4"  NPT, 
0-60  in.  H20  and  0-150  mbar 

•  Vacuum  Gauge,  Part  #AE134, 2  5/8"  Dia.,  1/4"  NPT, 
0-160  in.  H20  and  0-400  mbar 

•  Pressure  Gauge,  Part  #AJ496, 2  5/8"  Dia.,  1/4"  NPT, 
0-60  in.  H20  and  0-150  mbar 

•  Pressure  Gauge,  Part  #AE133, 2  5/8"  Dia.,  1/4"  NPT, 
0-160  in.  H20  and  0-400  mbar 

•  Pressure  Gauge,  Part  #AE133A,  2  5/8"  Dia.,  1/4"  NPT, 
0-200  in.  H20 


Horizontal  Swing  Type  Check  Valve 

Designed  to  prevent  back-wash  of  fluids  that  would 
enter  the  blower.  Also  prevents  air  back-streaming 
if  needed.  They  can  be  mounted  with  their  discharge 
either  vertical  or  horizontal.  Valve  will  open  with  3" 
of  water  pressure. 


Model  No. 

R4.R5 

R6,R6P 

R7 

Part  No. 

AH326D 

AH326F 

AH326G 

1  1/2"  NPT 

2"  NPT 

2  1/2"  NPT 

Moisture  Separator 

The  purpose  of  the  moisture  separator  is  to  remove 
liquids  from  the  gas  stream  in  a  soil  vapor  extraction 
process.  This  helps  protect  the  blower  from  corrosion 


and  a  build  up  of  mineral  deposits. 

MODEL 

LIQUID  CAPACITY 
GALLONS 

USED  ON 

RMS160 

10 

R4,  R4P.R5 

RMS200 

19 

R4,  R4P.R5.R6 

RMS300 

19 

R5,  R6,  R6P 

RMS400 

40 

R6P.R7 

Relief  Valve 

By  setting  a  relief  valve  at  a  given  pressure/vacuum 
you  can  be  assured  that  no  harm  will  come  to  the 
blower  or  products  in  your  application  from 
excessive  duties. 

•  Pressure/Vacuum  Relief  Valve,  1  1/2"  NPT, 
Adjustable  30  - 170  in.  H20, 200  cfm  max. 

Part  #AG258 


MANUAL  PRESSURE 


AIR  INJECTION  AND  VENT  WELL  SYSTEM 

NOT  TO  SCALE 


BALL  VALVE  (7YP) 


[TTH 
—  □ 


NOT  TO  SCALE 


BALL  VALVE  (TYP) 


J©. 


o 
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BLOWER — — - 
AIR  FILTER- 


•  NOT  TO  SCALE 


o 


